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ABSTRACT 


In north-central New Mexico the rugged Cimarron Range marks the eastern 
margin of the Southern Rocky Mountains, abruptly rising more than 5000 feet 
above the adjacent Great Plains. Structurally the range is a northward-plunging 
anticline with a core of pre-Cambrian crystalline rocks. Faulting along the eastern 
and western margins of the anticline separates the mountains from the Great Plains 
and the Moreno Valley. North of Cimarron Canyon the anticline plunges beneath 
the Tertiary sediments of the Raton Coal Basin. To the south the structure is 
obscured by the basaltic flows of the Ocaté Mesa. Upturned Paleozoic to Tertiary 
sedimentary rocks crop out along the eastern and northern margin of the anticlinal 
uplift. Regional relations are obscured by extensive Tertiary intrusions in the north- 
ern portion of the area and by the lava flows to the south. In the valley of Rayado 
Creek a volcanic plug which fed some of the lava flows has been exposed by erosion. 

In this region there is evidence for a Mid-Tertiary surface of low relief in the 
central portion of the mountains, a later lava-capped surface believed to be the 
equivalent of the Broad Valley Stage, the surface of the Park Plateau, and the 
Ocaté Mesa. Three well-developed gravel-capped Pleistocene pediment surfaces 
extend steplike from the mountain front into the Great Plains. 

Both structurally and topographically the Cimarron Range is similar to the 
Colorado Front Range. 

An attempt is made to reconstruct the geologic history of the Cimarron Range 
and to fit it into the broader story of the development of the Southern Rocky 
Mountains in New Mexico. 


INTRODUCTION 

The Cimarron Range in north-central New Mexico is a small cluster of 
rugged peaks along the eastern margin of the Southern Rocky Mountains, 
from which it is more or less isolated structurally and topographically 
(Fig. 1). This compact range of high relief is about 14 miles long from 
north to south and about 10 miles wide. The Canadian River system 
drains the entire range. 

The range rises precipitously from the Great Plains on the east and 
from the Moreno Valley on the west; the latter separates it from the 
main mass of the Sangre de Cristo Mountains which form the eastern 
prong of the Southern Rocky Mountains in this region. To the north it 
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is separated structurally but not topographically from the deeply dis- 
sected western portion of the Raton Coal Basin (Park Plateau). Lavas 
capping the little known Ocaté Mesa bound the range on the South. 

Black Mountain (elev., 12,000+ feet) is reported to be the highest 
point in the Cimarron Range, although some believe Clear Creek Moun- 
tain to be slightly higher. The village of Cimarron, 10 miles from Black 
Mountain, has an elevation of 6400 feet. These elevations indicate the 
great relief of the region and the abruptness of the mountain front. 


PREVIOUS GEOLOGIC INVESTIGATIONS 


The Cimarron Range is bounded on all but the south side by major 
routes of travel so that for almost a century geologists have skirted its 
margin, but few have penetrated its interior, and none has detailed its 
geology. The old Santa Fe Trail followed the eastern mountain front 
southward from Cimarron to Fort Union (New Mexico State Highway 
21). The Indians used the canyon of the Cimarron River on the north 
and the Moreno Valley on the west as a major route to the Rio Grande 
Valley long before the coming of the white man and the construction of 
the present highway (U.S. Highway 64). The canyon of Rayado Creek, 
separating the mountains from the Ocaté Mesa on the south, was made 
famous by Kit Carson and other pioneers as a route across the mountains 
to the Moreno Valley and Taos. This route has been long abandoned. 

- Many geologists connected with the early armies of exploration and 
the surveys of the west passed along all but the southern route, yet only 
Stevenson (1881) left any account of the geology of this mountain group. 
Descriptions and the geologic maps of his report indicate that Stevenson 
did not penetrate the range. Graton (1906) visited the Cimarroncito 
Mining Camp (PI. 1) but, as the adjacent Moreno Valley and Baldy 
Mountain camps were the chief interests, no reports were made on the 
geology of the Cimarron Range. 


SCOPE AND LIMITATIONS OF PRESENT INVESTIGATION 


This report is a continuation of the study of the structural and physio- 
graphic history of the Sangre de Cristo Mountains (Ray and Smith, 1941). 
Reconnaissance in this region in 1938 and 1939 indicated that the geologic 
relations were imperfectly known. Boundaries of the geologic map of 
New Mexico (Darton, 1928b) based primarily on the work of Stevenson 
are greatly generalized. The purpose of this report is to show the struc- 
ture of this mountain range and its relation to the history of the Southern 
Rocky Mountains. 

Ten weeks during the summer of 1941 was spent in field work in the 
mountains and the adjacent plains. The range is accessible by road only 
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Picuris 


Ficure 1—Index map 
Showing relationship of the Cimarron Range to regional physiographic provinces. 


from the Moreno Valley, the Cimarron Canyon, and three short private 
roads to the hogback region along the eastern mountain front (Pl. 1). No 
roads penetrate the interior of the mountains, although there are trails 
along the major stream valleys. About 2 weeks was spent examining the 
pre-Cambrian core of the range. No downfaulted Paleozoic or younger 
strata were found within the pre-Cambrian mountain core, although a 
few pieces of sandstone float were found in the valley of Tolby Creek and 
on the western slope of Garcia Peak. 
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Ranch maps, furnished by the Philmont Ranch, formed base maps for 
this report, as no topographic maps, airplane photographs, or other suit- 
able maps were available. Private land maps of the Maxwell Land Grant 
Company and the State highway map of Colfax County, New Mexico, 
proved to be inadequate but aided in the correction of names and stream 
courses. Where necessary, the ranch map was modified. 

As the entire Cimarron Range lies below timberline, shows no signs of 
glaciation, and has a heavy vegetative cover and mantle of talus, it was 
frequently impossible to trace the complex system of dikes and sills from 
one valley to another. It will be possible to map these igneous bodies 
with greater accuracy when airplane photographs are available. Thus, 
only the largest and most important of these bodies have been indicated 
on the geologic map (Pl. 1). Because of lack of topographic control, 
pediments are shown diagrammatically on Plate 2. 

Place names are those in local usage. Spelling conforms to the original 
Spanish where there has been confusion. 
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STRATIGRAPHY 
GENERAL CONSIDERATIONS 


The core of the Cimarron Range consists of crystalline pre-Cambrian 
rocks. Unconformably above this basal complex lies a thick series of 
relatively unfossiliferous, yellow to deep-red sandstone, shale, and lime- 
stone, included in the Magdalena group of the Pennsylvania. These 
beds are best exposed where upturned along the faulted eastern mountain 
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Figure 2.—Cross section Sangre de Cristo Mountains 
South of Eagle Nest Lake. 


front or along the Cimarron Canyon where they rest on the pre-Cambrian 
crystalline rocks. The youngest sedimentary strata along the eastern 
mountain front are the upturned beds of Upper Cretaceous Dakota sand- 
stone and the overlying black shales and thin limestones. A small prong 
of relatively undeformed Cretaceous and Eocene sediments extends south- 
ward from the Raton Coal Basin across the Cimarron River and into the 
area mapped. Lee (1917; 1922a) has mapped these formations along the 
Cimarron Canyon (PI. 1). 

The Eagle Nest formation (Ray and Smith, 1941), found in the adja- 
cent Moreno Valley on the west has not been observed in the Cimarron 
Range. It is included on the geologic map (PI. 1) but crops out only in 
the Moreno Valley section. If the Picuris (?) formation described by 
Cabot (1938) was present, it has doubtless been entirely eroded or slope 
wash has concealed the isolated remnants. The Cimarron Range offered 
no basins for the accumulation of such sediments as the Eagle Nest 
formation of the Moreno Valley (Ray and Smith, 1941). 

Quaternary pediment gravel occurs at several distinct levels along the 
eastern mountain front. With a better understanding of the physio- 
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graphic development of the Great Plains of northern New Mexico and the 
relations of the pediments to the lava flows, a Quaternary stratigraphic 
and physiographic sequence may be established in which pediment gravel 
may be given the status of a formation, as in the northern Colorado Pied- 
mont (Bryan and Ray, 1941). 

All formations in this region have been invaded by igneous dikes and 
sills. No intrusions were observed in the extension of the sediments of 
the Raton Coal Basin south of the Cimarron River. However, as igneous 
intrusions traverse the Raton formation (Eocene) in the Moreno Valley 
(Ray and Smith, 1941) and in the Raton Coal Basin (Lee, 1917; 1922a), 
it is assumed that this small area was not invaded because of location, 
and that some of the dikes and sills are younger than these formations. 

The southern portion of the Cimarron region has been partly covered 
with Late Tertiary (?) and Quaternary lava flows, separated by long 
periods of erosion. Lava flows of the Ocaté Mesa south of the Cimarron 
Range extend from the Moreno Valley on the west to the isolated mesas 
of the Great Plains far to the east of the mountain front. Small remnants 
of this extensive lava cap have been observed within the crystalline core 
of the mountains. Erosion has exposed a feeder plug along the canyon of 
Rayado Creek at the southern margin of the Cimarron Range. 


PRE-CAMBRIAN 


Crystalline rocks are exposed in all major stream valleys of the eastern 
mountain front, west of the faulted and upturned Paleozoic and younger 
sediments. The canyon of the Cimarron River cuts through the northern 
portion of the mountain core exposing the pre-Cambrian from a point 
about 1.5 miles west of Ute Park to Eagle Nest Lake (Fig. 2; Pl. 5, fig. 1). 
Faulting along the east wall of the Moreno Valley exposes a thick section 
of pre-Cambrian. Most of the higher peaks of the range, except Cimar- 
roncito, are of pre-Cambrian rocks (Pl. 1). 

In the main the crystalline rocks are red to pinkish granite and granite 
gneiss. In some areas, as near Bonito Peak and the Red Hills, they are 
pegmatitic. Black Mountain, however, is composed of a dark hornblende 
schist. The characteristic pre-Cambrian quartzite described in the 
Moreno Valley was observed in the Cimarron Range only along the 
western margin at the head of Agua Fria Creek canyon. 

The writers do not differentiate the various pre-Cambrian rocks which 
have been mapped as a single unit (PI. 1). 


PALEOZOIC 


Magdalena group (Pennsylvanian).—Throughout the Sangre de Cristo 
Mountains of north-central New Mexico a series of limestones, sand- 
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stones, and shales—the Pennsylvanian Magdalena group—rests uncon- 
formably on the crystalline rocks of the mountain core. The base of 
these buff, mottled, greenish, reddish, and maroon shales and sandstones, 
in part conglomeratic, is not exposed along the eastern front of the 
Cimarron Range, where the sediments are downfaulted against the pre- 
Cambrian crystallines. In the valley of Rayado Creek a conglomerate of 
pre-Cambrian pebbles with a maximum diameter of about 4 inches is a 
prominent member of the red beds. Deep wells in the Great Plains east 
of the mountains furnish no stratigraphic information about the Mag- 
dalena group. 

In the upper part of the Cimarron Canyon, west of Clear Creek (PI. 1), 
light-buff and greenish shale and shaly sandstone crop out between the 
basal crystalline complex and the thick low-angle dike which forms the 
scenic palisades of the canyon. In these beds the characteristic limestone 
pebble conglomerate, called the Bullington member of the Magdalena in 
the Moreno Valley (Ray and Smith, 1941), is associated with poorly 
preserved plant fossils similar to those described from the Moreno Valley. 

Along the North and Middle Forks of Cimarroncito Creek are numerous 
exposures of buff to dark maroon shales and ripple-marked sandstones of 
the Magdalena and occasional thin beds of limestone. Near the dikes 
they have been metamorphosed, commonly with the production of jasper. 
At the abandoned Cimarroncito Mining Camp metamorphism of the 
limestone beds was accompanied by slight mineralization. The massive 
white Dakota sandstone rests on a thick series of red beds along the North 
Fork of Cimarroncito Creek. Approximately 100 feet below the Mag- 
dalena-Dakota contact the Bullington member of the Magdalena crops 
out. 

The best estimate of the Magdalena thickness can be made along the 
upper part of Cimarroncito Creek, where the fault along the east front of 
the mountains appears to have died out. Although the section is com- 
plicated by numerous intrusions, the thickness of the Magdalena has been 
placed at 3500 to 4000 feet on the basis of breadth of outcrop and average 
dips of beds. 

In the Moreno Valley region the Magdalena consists of a thick suc- 
cession of buff to brown limestones, sandstones, and shales which lie on 
the crystalline rocks (Ray and Smith, 1941). Fossils indicate a Penn- 
sylvanian age and deposition in a shallow seaway. Plant remains, ripple 
marks, and mud cracks suggest shore conditions of deposition. Red to 
maroon shales and sandstones higher in the section were assigned to the 
upper part of the Magdalena in the Moreno Valley primarily on the 
basis of typical Pennsylvanian fossils reported in the red beds im- 
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mediately south of the Moreno Valley (J. A. Young, personal communica- 
tion). The question as to whether some of the red beds might belong to 
the Permian or Mesozoic was considered. Because of the lack of fossils, 
other than unidentifiable plant rernains, and any readily determinable 
stratigraphic break between the red beds assigned to the Magdalena and 
the overlying red beds, the entire red-bed series has been placed in the 
Magdalena group, whose upper portion Darton (1928a, p. 19) reported 
to consist in part of red sandstones in northeastern New Mexico. 

It was hoped that this problem of the “red beds” might be solved by the 
study of the stratigraphy of the sedimentary formations on the eastern 
flank of the Cimarron Range, hitherto unreported. Unfortunately this 
has not been the case, and beds assigned to the Magdalena on the eastern 
mountain front may prove with future detailed stratigraphic correlation, 
to be younger than Pennsylvanian. It is impossible, however, on the 
basis of the present study to delimit the Magdalena and to date the red 
beds definitely. 

Formations of the Manzano group (Permian) have not been recognized 
in the Moreno Valley-Cimarron Range. The Abo sandstone (Lower 
Manzano) has not been recognized north of Mora (Fig. 1), about 25 
miles south of the Cimarron Range. The Chupadera formation (Upper 
Manzano) is reported to die out in this region (Darton, 1928a; 1928b). 
How much of the Triassic Dockum group is present in the Cimarron area 
is unknown, and none has been mapped, although Darton has shown a 
large area of the Dockum in the Guadalupita region between Mora and 
the southern boundary of the Cimarron Range. It seems highly probable 
that some, but not all, of the upper red beds of both the Cimarron area 
and the southern Moreno Valley may, after detailed stratigraphic study, 
be assigned to the Dockum group. 

None of the formations along the eastern front of the Cimarron Moun- 
tains has been traced northward along the mountain front into southern 
Colorado, and the lava flows of the Ocaté Mesa country obscure the rela- 
tions between the formations of the Cimarron region and those to the 
south near Mora. 


Lack of fossils, faulting, and the igneous intrusions have so complicated 
identification that the writers think it inadvisable at present to consider 
these formations other than upper red beds of the Magdalena group. 
Time did not permit the close examination of the country north of the 
Cimarron Canyon where the Magdalena may crop out along the axis of 
the major anticline of the Cimarron Range. 
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MESOZOIC 

Dakota formation (Upper Cretaceous)—Massive, unfossiliferous, buff, 
gray to white sandstone of the Dakota formation overlies the mottled 
buff to red shales and sandstones of the Magdalena group in the Cimarron 
region. Where upturned along the eastern front of the Cimarron Range 
this resistant sandstone forms hogbacks. It is faulted against the pre- 
Cambrian on the interstream ridges, but in the valleys the complete 
thickness is exposed. Although the thickness is somewhat variable, it 
approximates 500 feet in the Cimarron region. 

In the valley of Rayado Creek this formation consists of two well- 
defined massive beds of sandstone separated by a thin zone of incompetent 
sediments, presumably shale, possibly Purgatoire. The latter zone has 
been eroded as a strike valley and covered by slope wash. A similar 
division into two well-defined sandstones can be seen at the mouth of 
the Cimarron Canyon west of Ute Park, where upturned sandstone beds 
cap the crests of the valley walls for more than a mile. Dip slopes on 
these strata are well developed. 

Local minor variations in the character of the Dakota sandstone are 
great, although it is consistent as a ridge-former. There are conglomeratic 
layers at intervals throughout the formation. Locally the sandstone has 
been silicified and perhaps recrystallized into a massive quartzite. In 
places silicification has taken place sporadically, giving the rock a mottled 
appearance and a nodose weathering surface. In general, the massive 
sandstone is relatively pure, coarse and sugary, and light gray, similar 
to the Dakota described from the Moreno Valley (Ray and Smith, 1941, 
p. 186-187). The peculiar honey-comb weathering surface resulting from 
the resistance of thin seams and stringers of quartz within the sandstone 
is characteristic of the formation (Stevenson, 1881; Ray and Smith, 
1941). The Dakota sandstone differs markedly from the coarse arkosic 
sandstones mapped as Dakota in the region of Ocaté to the south (Dar- 
ton, 1928a) and the coarse arkosic sandstones of Magdalena age cropping 
out in the southwestern portion of the Cimarron Range. 

The Dakota formation lies unconformably on various older formations 
but is conformably overlain by younger Cretaceous shales, thin lime- 
stones, and sandstones. 

Both the massive sandstone beds and the intervening shale are assigned 
to the Dakota formation although the lower sandstone and intervening 
incompetent shale may belong to the Purgatoire formation (Lower 
Cretaceous), described to the north and south of the Cimarron region 
(Darton, 1928b; Lee, 1917). However, on the basis of the present study 
it is inadvisable to separate them. 
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Pierre formation (Upper Cretaceous).—The widespread gray to black 
shales, thin limestones, and sandstones of the Great Plains east of the 
Cimarron Range are abruptly upturned along the mountain front. In 
many instances igneous intrusions (PI. 3, fig. 1) have cut and metamor- 
~hosed the shale, as in the Moreno Valley. This shale has been termed 
the Pierre and as mapped probably includes the Benton and Niobrara 
(Colorado group), which are not readily separable in this region. 

Septarian nodules, thin beds of limestone and sandstone, and numerous 
poorly preserved specimens of Jnoceramus sp.? are common throughout 
the section along the mountain front. Incomplete sections of the black 
shale and the thin-bedded sandstones and limestones are well exposed 
under the lavas which cap Urraca and Rayado mesas, east of the hog- 
backs along the east front of the mountains. 

The thickness of the black shales could not readily be determined in 
the Cimarron area, but Lee (1922a) has reported a thickness of 3000+ 
feet in the Raton Coal Basin to the north and northeast. 

Younger Cretaceous formations of the Montana group, the Trinidad 
and Vermejo formations, lie unconformably above the Pierre in the north- 
ern portion of the Cimarron area. In the Moreno Valley and in the upper 
portion of the Cimarron Canyon near Ute Park, these formations are not 
present, and the Pierre is unconformably overlain by the Raton (Eocene) 
formation. 

Lee (1917) described in detail the stratigraphy of the lower portion of 
the Cimarron Canyon and measured numerous sections from Ute Park to 
the village of Cimarron. 


Trinidad sandstone (Upper Cretaceous).—Along the Cimarron River, 
between Cimarron and Ute Park, the upper portion of the Pierre shale is 
overlain by well-cemented, coarse, drab to dark-brown sandstone. In 
general this sandstone forms vertical cliffs which can be readily recognized 
because of its topographic expression and numerous impressions of 
fucoids. Following Lee (1917; 1922a) this sandstone is called the Trini- 
dad and assigned to the Montana group. It contains marine inverte- 
brates and land plants so intermingled that deposition along a sea margin 
is indicated. 

Pre-Tertiary erosion has completely removed this sandstone west of 
Ute Park. It is present, however, on Deer Lake Mesa (Pl. 1), the 
southernmost extension of the Raton Coal Basin south of the Cimarron 
River. There its thickness is somewhat less than near Cimarron, where 
it is reported to be more than 100 feet (Lee, 1917). 


Vermejo formation (Upper Cretaceous).—In that portion of the Cim- 
arron region adjacent to Deer Lake Mesa and the Cimarron River east 
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of Ute Park, conformably overlying the Trinidad sandstone is a series of 
light-gray sandstones, drab shales, and coal seams of the Vermejo for- 
mation, placed in the Upper Cretaceous Montana group (Lee, 1917; 
1922a). These thinly bedded strata form relatively gentle slopes between 
the cliff-forming beds of the underlying Trinidad and the overlying Raton 
formations. 

Lee (1917) believed that this formation was once widespread and was 
derived from sediments from highlands on either side of the broad low- 
land now occupied by the Southern Rocky Mountains. 

Insofar as can be determined, the Vermejo formation marked the 
close of Cretaceous sedimentation in this area. Erosion accompanying 
the deformation and uplift of the mountain region before the deposition 
of the overlying Raton formation (Eocene) removed the Vermejo forma- 
tion west of Ute Park. A structure section (Lee, 1916, Fig. 20) for the 
region immediately north of the Cimarron Canyon shows the magnitude 
of this erosional interval and the beveling of the formations of the Mon- 
tana group so that the basal conglomerate of the Raton formation rests 
progressively on the Pierre shale, the Trinidad sandstone, and the Ver- 
mejo formation from west to east. 


TERTIARY 


Raton formation (Eocene).—-Following the post-Cretaceous deforma- 
tion of the Southern Rocky Mountains and the removal in the upper 
portion of the Cimarron Canyon of the Trinidad and Vermejo forma- 
tions and deep dissection of the Pierre shale, sediments from the high- 
lands to the west were spread unconformably across the area studied. 
Raton sandstones and conglomerates are exposed in the Cimarron region 
only on Deer Lake Mesa and on the north wall of the Cimarron Canyon 
east of Ute Park (the latter section not included on Pl. 1). In the 
Moreno Valley (Ray and Smith, 1941)*the basal portion of the Raton 
formation consists of a coarse conglomerate, overlain by a quartzitic 
white sandstone. 

On Deer Lake Mesa, where this formation was studied, the pebbles in 
the basal conglomerate are much smaller than in the basal conglomerate 
of the Moreno Valley. In the Deer Lake Mesa area the maximum 
diameter is approximately 2+- inches, the average less than 1 inch. The 
maximum diameter reported from the Moreno Valley was approximately 
8 inches (Ray and Smith, 1941). Observations substantiate the conclu- 
sions reached by Lee (1917) that the sediments of the Raton formation 
were derived from a land mass to the west. Lee (1922a), after his exten- 
sive studies in the Raton Coal Basin, reported that the conglomerate is 
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thickest in the southwestern portion of the basin and thinnest to the east 
and north. 

Throughout the Raton Coal Basin, the Raton formation forms a re- 
sistant cap rock. No estimate can be made of the amount of erosion, 
although Lee (1922a) reports it to have a maximum thickness of more 
than 1000 feet in the northern portion of the basin. Deer Lake Mesa and 
the north wall of the Cimarron Canyon are capped by the Raton forma- 
tion, whose southernmost outcrops swing to the north and west at Ute 
Park. The summit of Baldy Peak, about 5.5 miles northwest of Ute 
Park, is capped by competent quartzitic beds of the Raton formation 
(Ray and Smith, 1941). 

QUATERNARY DEPOSITS 

Quaternary sedimentary deposits in the Cimarron region consist pri- 
marily of pediment gravel and alluvium along the major stream valleys 
east of the mountain front. Valleys of eastward-flowing streams near the 
margins of the mountain mass are deep V-shaped gorges. Within the 
crystalline core stream valleys widen, and gradients are reduced with the 
production of small flood plains. The upper reaches of Rayado Creek 
offer an example of a slightly dissected flood plain, in part more than 300 
feet wide. No attempt has been made to indicate flood-plain material 
along the streams on the geologic map (PI. 1). 


Pediment gravel along the mountain front has been diagrammatically 
mapped (Pl. 2) and is described in connection with the pediments. 

In the Cimarron Range no glacial debris has been observed, and it is 
believed that during the Pleistocene the mountains supported no glaciers. 
The position of this range along the eastern margin of the mountains, its 
lack of high peaks, and the limited summit area preclude the belief in 
any glaciation on this range. 


IGNEOUS ROCKS AND MINERALIZATION 
IGNEOUS ROCKS 


General statement.—Igneous rocks in the Cimarron region fall into 
two major classes: intrusive plutonic rocks of the pre-Cambrian mountain 
core and late Tertiary and Quaternary intrusives and extrusives. Those 
rocks belonging to the volcanic plug of Rayado Creek, which fed in part 
the Urraca flows, are arbitrarily classed with the extrusive rocks since 
they are associated neither in age nor general character with the early 
Tertiary intrusives. No attempt is here made to describe the pre-Cam- 
brian igneous rocks. 


Tertiary intrusives—Throughout the northern portion of the Cimarron 
Range (Pl. 1), the northern Moreno Valley (Ray and Smith, 1941), and 
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adjacent portions of the Raton Coal Basin (Graton, 1906; Lee, 1916; 
1922a) numerous dikes and sills from a few inches to several hundred 
feet thick have been intruded into the Raton and all older formations. 
The larger intrusive bodies are those which form the Palisades of the 
Cimarron Canyon, Tooth of Time Ridge (PI. 1), and the core of Scully 
Mountain in the Moreno Valley (Ray and Smith, 1941, Pl. 1). Despite 
local variations in texture and percentages of minerals present, especially 
quartz, there is a remarkable uniformity among all the large intrusive 
bodies. The smaller dikes are more widely divergent in character and 
appear to have been influenced by the type of host rock. 

The larger dikes and sills are massive, light-gray, porphyritic mon- 
zonite. The texture of the groundmass varies from very fine-grained to 
coarse-grained, in the various bodies, and to a lesser degree within a given 
body. Chill zones along observed contacts were not seen (PI. 3, fig. 1). 
Phenocrysts are orthoclase, plagioclase, augite, and quartz. The number 
of quartz phenocrysts in the monzonite is highly variable, from infrequent 
and minute highly resorbed crystals to large crystals having a diameter 
sometimes slightly more than 1 cm. Along the canyon cut through the 
porphyry by the South Fork of Urraca Creek, large quartz phenocrysts 
weather out of the groundmass. They are most commonly rounded and 
pebblelike, but rarely one shows only partially resorbed crystal faces. 
Such phenocrysts show only rhombohedral faces, indicating an absence of 
prismatic faces. In thin section they show deep re-entrants, fractures, 
and frequently strain. 

Smaller intrusive bodies, such as the dikes which cut through the Mag- 
dalena sediments on Cimarroncito Creek, have a darker, aphanitic, 
greenish-gray groundmass. Phenocrysts consist of euhedral crystals of 
plagioclase with diameters up to 1 cm. and small quartz and biotite 
crystals with a maximum observed diameter of 4 mm. 

A small dike with a northwest trend crops out along the side of a high 
gravel-capped mesa north of Cimarroncito Creek about three-quarters 
of a mile west of New Mexico State Highway 21 (Pl. 1). For several 
hundred feet the dike rises as a low wall above the Pierre shale host rock. 
Megascopically the dark greenish-gray dike rock is porphyritic with a 
fine-grained groundmass. Phenocrysts of biotite are abundant, though 
small, with a maximum diameter of about 3mm. Numerous phenocrysts 
of calcite are present. This rock has been called a minette. 

The large intrusive bodies form prominent features of the landscape. 
They rise as walls and ridges, forming constrictions along the stream 
valleys when they are close to vertical. When near horizontal they form 
palisades and gorges along stream courses or capping plates on ridges. 


Ficure 1. InrrustvE PorpHyry—P1eRRE SHALE CONTACT 


Metamorphosed Pierre shale along contact with quartz monzonite porphyry dike. 
South Fork, Urraca Creek. 


Figure 2. Hocspack or Dakota SANDSTONE (foreground) 
Pinnacle is intrusive porphyry. North Fork, Urraca Creek. 


TERTIARY INTRUSIONS 
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Ficure 1. Voicanic Exposep By Erosion 
North wall, Rayado Creek valley. 


Ficure 2. Dippinc Beps or Voitcanic EsECTAMENTA 
Peripheral to the volcanic plug exposed in the valley of Rayado Creek. 


RAYADO CREEK VOLCANIC PLUG 


L.4 


IGNEOUS ROCKS AND MINERALIZATION 905 


From a distance it is difficult to distinguish between hogback ridges of 
Dakota sandstone and ridges of dike rock. In general the topographic 
expression of these intrusive bodies resembles the famous dikes of the 
Spanish Peaks region. 

The large, coarsely crystalline bodies of earns porphyry weather 
into fantastic pinnacled forms or cavernous openings. The massive 
nature of some of the larger bodies has permitted the development of 
monoliths such as the so-called Tooth of Time and the Little Tooth of 
Time (PI. 3, fig. 2). 


Tertiary and Quaternary extrusives. 
Cimarron region (Pl. 1) and in the Moreno Valley (Ray and Smith, 
1941) basaltic flows of several ages have not been differentiated. In gen- 
eral they are massive, with poorly developed columnar jointing revealed 
along the margins of the mesas. Near a voleanic plug in Rayado Can- 
yon the basaltic lava is brilliant red and in part highly vesicular. 
Numerous volcanic bombs are spread over the surface of the flows near 
the old vent, and an aureole of poorly consolidated voleanic ejectamenta 
crops out in the canyon wall west of the voleanic plug (PI. 4, figs. 1, 2). 
This material consists of irregular fragments of scoria and voleanic bombs 
of various sizes, dipping away from the central plug. Petrographiec ex- 
amination of some of the red, unweathered scoria shows that the red is 
due to particles of hematite; on the weathered surfaces, however, this is 
heightened by oxidation of the magnetite which forms a large percentage 
of the rock. Dark, massive basalt dikes cut through the red scoriaceous 
voleanic debris. 

Two miles above the mouth of Rayado Canyon on the north wall a 
section through the voleanic plug (PI. 4, fig. 1) is exposed. A massive core 
of friable and coarsely porphyritic rhyolite is surrounded by an aureole 
of dacite and an outer rim of voleanic agglomerate (PI. 4, fig. 2). The 
rhyolite, representing the last stage of voleanic activity, is highly vari- 
able. The gray to greenish-red groundmass is an incompetent binder for 
the phenocrysts of quartz, sanadine, and orthoclase. The largest pheno- 
crysts are feldspar with maximum diameters up to 4 cm. Many of these 
are deeply corroded and “punky.” ‘The friable, porous character of the 
rhyolite permits it to absorb water readily so that during the unusually 
wet summer of 1941 large masses of water-soaked rhyolite became de- 
tached from the steep cliff face, fell down the canyon wall and overturned 
and broke off large trees. 

Between the central rhyolite mass and the volcanic agglomerate a 
thick layer of dacite has well-developed columnar jointing. In part the 
dacite underlies and surrounds the rhyolite, but it rests on the agglom- 
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erate, indicating that it filled the crater of the vent before the intrusion 
of the rhyolite. 

The writers believe that the location of this voleanic vent may be re- 
lated to the fault along the mountain front, although this has not been 
proved, and the vent appears to be wholly surrounded by pre-Cambrian 
crystalline rocks. All surface expression of the vent has been obliterated. 
Lava flows originating from this vent have been correlated with those 
which cap Fowler and Urraca mesas (PI. 1), and the activity of the vent 
is assigned to the early Pleistocene. 


MINERALIZATION OF THE CIMARRONCITO MINING DISTRICT 


For many years prospecting was carried on along the North and Middle 
forks of Cimarroncito Creek (Graton, 1906, p. 105-108). At present the 
* entire camp is abandoned, and miost of the tunnels have collapsed so that 
the dumps are the only clues to the character of the mineralization 
described by Graton. 

The mining district is located along the contact of the Magdalena sedi- 
ments and a large Tertiary quartz monzonite dike (Pl. 1). Graton re- 
ports that the intrusive rock examined by him was a fine-grained soda 
granite. In the vicinity of the mines the Magdalena sediments are pri- 
marily limestone with some interbedded sandstone and shale. The ore 
appears to be a typical contact-metamorphic deposit. Graton reported 
gold values generally better than those usually found in this type of 
deposit. However, no mine has proved of sufficient value to warrant 
continued development. 

Minerals in the metamorphosed limestone found on the dumps are: 
pyrite, chalcopyrite, garnet, specularite, malachite, and calcite. In some 
gossan float seen, hematite had been altered to limonite and a cellular 
structure produced. Occasional vugs were filled with quartz crystals. 


STRUCTURE 
GENERAL STATEMENT 


The Cimarron Range is structurally a broad northward-plunging 
anticline with a core of pre-Cambrian igneous and metamorphic rocks. 
On the west it is broken by a normal westward-dipping fault passing 
along the east side of the Moreno Valley (Ray and Smith, 1941; Pl. 1), 
and on the east by a high-angle, westward-dipping, reverse fault. 
Small folds and small normal faults complicate the major anticlinal 
structure. Thick vegetative cover makes tracing beds in the mountain 
area difficult, and some small folds and faults may have been over- 


looked. 


ws 


STRUCTURE 907 


FOLDS 


The major northward-plunging anticline which constitutes the Cim- 
arron Range trends approximately north and south. Along the western 
flank the fold is broken by normal faults, except in the southwestern 
part where the Magdalena strata rest unconformably on the pre- 
Cambrian (Ray and Smith, 1941). On the eastern flank the fold is 
broken by a reverse fault which dies out in the northeastern portion of 
the region between Clarks Fork and Jeff Creek (Pl. 1). 

The strata immediately east of the pre-Cambrian mountain core dip 
more steeply than those on the west, making the anticline broadly 
asymmetrical. In the southwestern section of the mountains, dips to 
the west are gentle; in the northeastern section they are about 30° NE. 
The Dakota sandstone on the east front of the range is in part vertical 
or steeply inclined to the east. These dips, however, may have been 
increased by the high-angle reverse fault between the pre-Cambrian 
and sedimentary rocks (PI. 3, fig. 2). 

The northerly plunge of the anticline is noticeable in the area north 
of the Cimarron River (Pl. 1). Only a small part of this section is 
included on the geologic map, which shows the sediments northwest of 
Ute Park striking to the northwest and those northeast of Eagle Nest 
Lake striking to the northeast. This area has been complicated by the 
intrusion of numerous porphyry bodies. Small patches of Magdalena 
sandstone and limestone along the north wall of the Cimarron Canyon 
further attest to the northerly plunge of the fold, and reconnaissance 
surveys in the vicinity of Baldy, about 4.5 miles northwest of Ute 
Park, show younger Pierre and Raton strata farther north (Lee, 1916; 
Pl. 5, fig. 1). 

No small folds on the major anticline of the mountain mass were 
observed, although small folds in the major syncline of the Moreno 
Valley are common (Ray and Smith, 1941). However, near the base 
of, Fowler Mesa, along the lower course of South Urraca Creek (PI. 1), 
numerous small areas of complex crumpling and faulting were observed 
near the porphyry bodies which deformed the strata. Probably some 
deformation is the result of landslides of the mesa-capping basalt, 
which has slumped over the incompetent shale. 

Dips of the upturned beds along the eastern mountain front rapidly 
flatten away from the mountains. Within half a mile or less, dips may 
change from vertical to 3° or 4° as along South Urraca Creek (PI. 1). 


FAULTS 


The largest faults in the Cimarron Range trend north and south 
along the eastern and western flanks of the mountains. The writers 
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(Ray and Smith, 1941, p. 194-196) have described those along the 
west side. 

The fault along the eastern front of the Cimarron Range is a high- 
angle reverse fault dipping to the west, bringing pre-Cambrian rocks 
into contact with the Magdalena and Dakota formations. It extends 
from the southern end of the area, where it passes under the basalt 
cover of Ocaté Mesa, northward to a point between Clarks Fork and 
Jeff Creek, where it appears to die out, since north of that point the 
total thickness of the Magdalena formation is exposed. The fault 
plane was not observed at any point, but the writers feel justified in 
mapping a fault (PI. 1) because: 

(1) Along the ridges east of Black Mountain and Trail Peak the 
Dakota sandstone is in contact with the pre-Cambrian crystalline 
rock, whereas in the adjacent valleys of Rayado Creek and Urraca 
Creek the Magdalena formation is in contact with the pre-Cambrian. 
This can be explained only by a fault along the pre-Cambrian contact. 
In the valleys erosion has brought the Magdalena beds in contact with 
the pre-Cambrian, but along the ridges, where there has been less 
erosion, the younger beds are in contact with the pre-Cambrian. 

(2) At several places pronounced slickensiding and slight brecciation 
of the Dakota sandstone was observed where it had been brought into 
contact with the pre-Cambrian. Such features would be expected in a 
massive sandstone near a fault zone, although it is entirely possible 
that the slickensides could have been formed during deformation of 
the beds. 

(3) Unless the Magdalena—pre-Cambrian contact is along a fault, 
there must be great variations in the thickness of the Magdalena sedi- 
ments, as shown by the outcrop pattern on Plate 1. As there is a close 
correlation between widths of Magdalena exposures and topography 
(narrow or missing on ridges, wide in valleys), the changes cannot be 
explained by mere changes in thickness but are easily explained by a 
fault. 

That this fault is reverse is indicated by the relations between the 
topography and the contact between the pre-Cambrian and younger 
formations, for the fault trace has a V-shape which points upstream. 
This would not occur if the fault were normal and dipping to the east, 
unless the dip of the fault were less than the gradient of the streams, 
and there is no evidence for such a low angle of dip. The throw of this 
fault could not be determined because of lack of data as to thicknesses 
and stratigraphic horizons in the sedimentary formations. 

Two normal faults were mapped in the Cimarron Canyon (PI. 1). 
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The fault near the western end of the canyon trends northwestward 
with the northeast side downthrown so that the Magdalena and Dakota 
strike into the pre-Cambrian. This fault is traceable for only a short 
distance but may continue to the northwest and be a continuation of 
the normal fault which extends northwest from Eagle Nest Lake (Ray 
and Smith, 1941, Pl. 1). However, talus and alluvium obscure all evi- 
dence for such an extension. 

Although the fault plane is not visible, a small fault must occur about 
a mile SW. of Ute Park (PI. 1) to explain the relationship between the 
Magdalena, Dakota, and the porphyry bodies. It is a short, normal 
fault, trending E-W with the north side downthrown. The throw is 
not more than 400 to 500 feet, which is approximately the vertical 
distance between the small block of Dakota sandstone near the bottom 
of the valley on the downthrown north side and the main Dakota out- 
crop higher on the canyon wall to the south. 

Small outcrops of the Magdalena between the pre-Cambrian and 
porphyry intrusive in the Cimarron Canyon raise the question as to the 
possibility of a large fault, roughly parallel to the Cimarron Canyon. 
It is conceivable that there is a fault contact between the Magdalena 
and the pre-Cambrian north of the Cimarron River, for the base of 
the strata is nowhere exposed, and in places the intrusive dike which 
forms the palisades rests directly on the pre-Cambrian. Graton (1906, 
p. 94) has stated that near the head of the Cimarron Canyon no sedi- 
mentary rocks occur between the pre-Cambrian and the Dakota sand- 
stone. To explain the lack of these intervening sediments he suggested 
that “a portion of this region was an island of pre-Cambrian rocks 
during Jurassic and Triassic time, and that a still larger area had been 
exposed during Carboniferous time.” The other alternative suggested, 
but rejected, was faulting almost parallel to the stratification. The 
possibility of faulting has been carefully considered by the writers, 
who believe a fault may be present, but since there is no direct proof 
no fault has been indicated on the map (Pl. 1). A normal fault with 
an east-west strike and the northern side downthrown would explain 
the thin exposures of the Magdalena group between the pre-Cambrian 
and the overlying intrusive porphyry. How much Magdalena rests 
above the porphyry, far to the north of the canyon, was not determined. 

Numerous small faults occur in the area, particularly in the Pierre 
shales. Most of these have been throws of only a few feet and have 
not been mapped. 

The fault which follows Seladon Creek (unnamed creek between 
Agua Fria and American creek on Pl. 1, Ray and Smith, 1941) does 
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not appear to extend far into the mountains. Its eastern termination 
was not located because of the extensive swampy mountain meadows 
which obscure all outcrops. No evidence of this fault was found east 
of these meadows. Basalt at the head of the creek extends to the 
south so that the basalt may be post-faulting and may have flowed 
down the lower slopes on the south side of the creek and not over the 
highland to the north. If the basalt is pre-faulting all remnants to the 
north must have been eroded and the faulting must have been a re- 
newal of movement along an older fault. 


REGIONAL STRUCTURAL RELATIONS 


The structure of the Cimarron Range is similar to that of the 
Colorado Front Range. Cretaceous and younger strata of the High 
Plains rise gently to the edge of the mountain uplift where they are 
abruptly upturned. Faulting along the margin of the uplift is typical 
of similar areas to the north in Colorado. 

The Dakota sandstone forms prominent ridges, although in the 
Cimarron region they are not so prominent as in other areas (PI. 3, fig. 
2). The porphyry dikes and sill-like bodies form ridges parallel to the 
Dakota hogback ridges in the northern part of the Cimarron region. 

There has been little deformation of the strata east of the mountains. 
Pierre shales dip gently to the east and northeast, seemingly into the 
syncline of the Raton Coal Basin (Lee, 1922a, Fig. 5). Locally these 
strata are intensely deformed, but small folds and faults are associated 
with the intrusions of the porphyry bodies and with landslides adjacent 
to the lava-capped mesas. 

While the writers were working in the Moreno Valley they con- 
cluded that the Cimarron Range was probably a fault block. How- 
ever, mapping of this range has shown that, although it is bounded by 
faults on the eastern and western margins, no major bounding faults 
have been observed on the north or south. Sharp changes in the di- 
rection of strike of the upturned sedimentary beds occur in the north- 
ern portion of the Cimarron region where the beds swing around the 
northern end of the plunging anticline (Pl. 1), carrying the Dakota 
sandstone into the northern portion of the Moreno Valley (Ray and 
Smith, 1941, Pl. 1). 

To the south the basalt flows of the Ocaté Mesa obscure the outcrops 
of the Dakota sandstone and the regional structure. It is not known 
whether the Dakota formation is so faulted that its outcrops are 
shifted westward to the valley of Coyote Creek, near Guadalupita, or 
whether they are merely deformed so that they swing to the west 
around the southern end of the anticlinal uplift of the Cimarron Range. 
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Figure 2 shows a section across the Sangre de Cristo Mountains from 
a point south of Cimarron to Taos. The profile has been sketched and 
the geology derived mainly from the reports of Cabot (1938), Ray and 
Smith (1941), and J. A. Young, Jr. (personal communication). This 
section shows the Taos and Cimarron ranges as parts of a large anti- 
cline, separated by the faulted syncline of the Moreno Valley. Normal 
faults have produced the Rio Grande and Moreno Valley depressions 
and occur throughout the Taos Range. The Cimarron Range is 
bounded on the east by a high-angle reverse fault. 


TIME OF FOLDING AND FAULTING 


No additional information was gained in the Cimarron region to date 
more exactly the deformation in this mountain country than that given 
previously (Ray and Smith, 1941). The suggestion was made that the 
major anticlinal folding was Laramide and that most of the faulting 
and minor folding was later. The major faulting is presumed to be of 
late Miocene or early Pliocene age and younger than the intrusions. 
Some minor faulting, however, has occurred since the formation of the 
basaltic lava flows. 


PHYSIOGRAPHY OF THE CIMARRON RANGE AND ADJACENT REGIONS 
GENERAL RELATIONS 


In northern New Mexico the Southern Rocky Mountains may be 
divided into an eastern (Sangre de Cristo Mountains) and western 
(Jemez-Nacimiento Mountains) prong, separated by the down-faulted 
Rio Grande Depression (Bryan, 1938). The eastern prong, in the 
latitude of the Cimarron Range, may be subdivided into two distinct 
ranges, the Taos Range on the west and the Cimarron Range on the 
east. These two ranges are separated by the structural and physio- 
graphic Moreno Valley (Ray and Smith, 1941). The Cimarron Range 
is both structurally and physiographically analogous in many respects 
to the Colorado Front Range. 

The mountains east of the Moreno Valley are a series of high peaks, 
divisible into a northern and southern section by the canyon of the 
Cimarron River. Structurally, however, the two areas are dissimilar, 
and the term Cimarron Range is applied only to the southern section 
whose crystalline core is bounded on the east by hogback ridges and on 
the west by the fault scarp which outlines the eastern boundary of the 
Moreno Valley (Pl. 1). The canyon of the Cimarron River follows 
more or less closely the northern boundary of the crystalline rocks and 
the upturned hogback ridges in its upper course. The northern moun- 
tainous section, which culminates in the lofty Baldy Peak (elevation 
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12,400+ feet), is composed of gently eastward dipping sedimentary 
formations, intruded by large dikes and sills (Lee, 1916; Ray and 
Smith, 1941). This region has been included in the Great Plains 
province which has been extended westward to the hogback ridges up- 
turned against the pre-Cambrian complex of the Taos Range (Ray 
and Smith, 1941). 

The Cimarron Range is bounded on the north, east, and south by the 
Great Plains. North of the Cimarron Range is the highly dissected 
Park Plateau (Fenneman, 1931) which, according to Lee (1922a), is 
the most highly dissected and rugged portion of the Great Plains 
province. In northern New Mexico it extends eastward from the hog- 
back ridges along the mountain front to end abruptly in an erosional 
escarpment which marks the boundary of the Tertiary formations of 
this region. Hill (1900) has called this the Ocaté Plateau, but the present 
writers have followed the usage of Fenneman and reserved the name 
Ocaté Plateau for the lava-capped highlands south of the Cimarron 
Range. 

The lowland area extending eastward from the Park Plateau, the 
Cimarron Range, and the Ocaté Mesa is known as the Las Vegas 
Plateau (Hill, 1900; Fenneman, 1931). It is a region of relatively low 
relief with broad mesas and box canyons cut into Cretaceous forma- 
tions. The Las Vegas Plateau in the latitude of the Cimarron Range 
extends to the upturned hogbacks of the mountain front. 

General physiograrhic relations along the eastern front of the Cim- 
arron Range are obscured by the topographic prominence of the great 
Tertiary intrusive bodies (Pl. 1) which either parallel the hogback 
ridges or extend several miles into the plains area, where they rise 
several hundreds of feet above the surrounding lowlands. To the 
south the boundary is further complicated by prominent lava-capped 
mesas which rise above the Las Vegas Plateau. These mesas are out- 
liers of the Ocaté Mesa, a lava-covered highland which impinges on 
the ill-defined southern boundary of the Cimarron Range (Fig. 1). 

The Ocaté Mesa is much more complex than has been previously 
reported, for reconnaissance observations show that there are at least 
three separate and distinct periods of volcanism, separated by periods 
of erosion when deep valleys were cut. Scattered across the surface 
are volcanic cones, only one of which, Ocaté Crater, has been mentioned 
in the literature (Darton, 1928a; Hill, 1900; Stevenson, 1881). Little 
is known of the bedrock in this region, and no attempt has been made 
to trace the contact between the pre-Cambrian crystalline rocks and 
the overlying sedimentary formations. This boundary probably swings 
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diagonally across the Ocaté Mesa southwestward from Rayado Creek 
to the valley of Coyote Creek (Fig. 1) where the sedimentary forma- 
tions reappear as upturned hogback ridges along the eastern front of 
the mountains (Pl. 1). 

The Cimarron Range is separated from the main mass of the Sangre 
de Cristo Mountains on the west by the fault along the eastern margin 
of the Moreno Valley and is bounded on the north, east, and south by 
three dissimilar subdivisions of the Great Plains province—the Park 
Plateau, the Las Vegas Plateau, and the Ocaté Mesa. The mountains 
themselves are a structural unit, consisting of a core of pre-Cambrian 
crystalline rocks, separated from adjacent regions by faulting or up- 
turned hogback ridges of Paleozoic and Mesozoic formations. 


GENERAL TOPOGRAPHIC DESCRIPTION 


The pre-Cambrian massif of the Cimarron Range is a highland of 
low relief, submaturely dissected by stream action. It is bordered on 
the east and north by a rim of high mountain peaks (PI. 6, fig. 1), so 
that the range appears most rugged when viewed from the plains to the 
east. The highest peak of the group appears to be Clear Creek Moun- 
tain which has an elevation of approximately 12,000 feet. Darton’s 
topographic map of New Mexico (1929) incorrectly shows the highest 
peak to be Black Mountain with an elevation of 3400 meters or more 
than 11,000 feet. Bear, Black, Comanche, Tolby, and Trail peaks all 
approximate Clear Creek Mountain in height, but, as no exact eleva- 
tions are at present available and local information is at variance, this 
point remains uncertain. 

Drainage of the Cimarron Range is more or less radial and ultimately 
into the Cimarron River. Rayado Creek and its tributaries drain most 
of the interior mountain highland, and Rayado Canyon roughly marks the 
topographic boundary between the mountains and the Ocaté Mesa 
region which extends to the south. 

The interior mountain highland is believed to be a remnant of a 
Mid-Tertiary erosion surface whose present elevation approximates 
10,000 feet. Similar mountain highlands have been described in the 
Taos Range (Ray and Smith, 1941). 

In general the major valleys within the crystalline area are broad, 
with flood plains in many places several hundred feet in width. Valley 
walls tend to be less steep than in the lower courses of the streams, 
where they are constricted as they plunge through deep canyons in the 
region of the upturned hogback ridges and Tertiary intrusive bodies 
along the mountain front. In many cases these streams resemble those 
of the Colorado Front Range which have broad open valleys in the 
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interior of the mountains and plunge through constricted canyons in 
the foothill region. 

Along the southern and western borders of the interior highlands, 
irregular plates of lava, outliers of the lava flows of the Ocaté Mesa, 
obliterate minor surface irregularities. Pre-Cambrian crystalline rocks 
rise above the open lava-capped mountain meadows (PI. 6, fig. 2). 

During the Pleistocene some of the higher peaks of the Cimarron 
Range were above the snowline, but glaciers were not initiated because 
of the limited summit area of accumulation and because most of the 
moisture was lost on the higher Taos Range to the west, where glaciers 
were clustered about Wheeler Peak (Ray, 1940). 

Granitic rocks of the interior highland are deeply weathered on the 
surface, and the rocks of the high peaks are frost riven. Slopes in the 
deep canyons through which the streams pass to the plains are pre- 
cipitous and covered with heavy talus. In many cases debris in the 
foothill regions, descending from the intrusive bodies which crop out 
higher on the slopes, completely mantles the underlying sedimentary 
formations. Several small landslides were observed during the summer 
of 1941 when there was an unusually high rainfall. This was especially 
true along the margins of the lava-capped mesas underlain by the 
Pierre shale. Such slumping during wet years is doubtless an im- 
portant physiographic process in this area. Similarly, large masses of 
the coarsely crystalline and porous intrusive rocks of the volcanic plug 
of Rayado Canyon had fallen from the precipitous cliffs with the 
overturning and crushing of large trees. 


PHYSIOGRAPHIC DEVELOPMENT OF THE CIMARRON RANGE 
AND ADJACENT REGIONS 


GENERAL STATEMENT 


At the close of Mid-Tertiary time the Cimarron Range and adjacent 
regions are believed to have been a portion of a broad erosion surface 
of low relief, above which some of the higher peaks of the present 
mountain mass rose as monadnocks. According to Lee (1922a), drain- 
age was probably to the northeast, where far from the present mountain 
front a depositional surface with rising base level was overlapping the 
erosional surface correlated with that of the mountains. Renewed 
uplift of the mountain area and faulting of the Moreno Valley and 
eastern front of the Cimarron Range in Miocene-Pliocene time in- 
augurated a new period of physiographic development (Ray and 
Smith, 1941). The southward drainage of the Moreno Valley was cut 
off from the eastward drainage of the Cimarron Range. It was not 
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Ficure 1. DissEcTED PRE-CAMBRIAN CorE OF CIMARRON RANGE 


View south across Cimarron Canyon. Magdalena sediments crop out in foreground on nose of 
northward-plunging anticline. 


Ficure 2. FLoop PLaIn or CimARRON RIVER 


Above rise three gravel-capped pediments. Lava-capped Fowler and Urraca mesa in central 
background. Cimarron Range in right background. 
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until the capture of the Moreno Valley drainage by the Cimarron 
River that there was any intimate relations between the physiographic 
development of these two areas. The eastward-flowing mountain 
streams are directly related to the complex physiographic sequence of 
the adjacent Great Plains, a history rendered more than normally 
complex by the late Tertiary and Quaternary volcanic activity of 
northeastern New Mexico. 

Because of the difference in the character of the bedrock, the history 
of the mountains is not like that of the Ocaté Mesa region to the south 
and the Park Plateau region to the north. The narrowness of the 
foothill belt of competent upturned sedimentary rocks, the intrusion 
of numerous dikes, and the fact that this region is in the headwater 
reaches of the important drainage streams which have influenced the 
development of the Great Plains have hindered the development of 
well-defined erosion surfaces. 

Previous workers in this region (Darton, 1905; Hill, 1900; Lee, 
1917; 1922a) have recognized three important erosion levels: the 
Raton Mesa, Park Plateau, and Las Vegas Plateau (Fenneman, 1931). 


MID-TERTIARY SURFACE OF LOW RELIEF 


The central portion of the crystalline core of the Cimarron Range, 
especially along upper Rayado Creek and its tributaries, is a region of 
relatively low relief, into which the streams have cut broad valleys 
with gentle gradients. Although no accurate elevations are available, 
this dissected highland appears to be a remnant of an old erosion sur- 
face, seemingly correlative with the 10,000+ foot surface observed in 
the Taos Range to the west (Ray and Smith, 1941). Extensions of 
this surface south of the region mapped are indicated on La Gruilla 
Mountain, which rises above the general level of Ocaté Mesa and is 
capped by a lava flow which lies on an old erosion surface. A similar 
flow has been previously reported along the eastern margin of the 
Moreno Valley where a high lava-capped surface is approximately 200 
feet above the general level of the surface called the Broad Valley 
Stage, referred to the early Pleistocene (?) (Ray and Smith, 1941). 

The writers believe this surface of low relief was formed during the 
Mid-Tertiary, following the widespread igneous intrusions but before 
the faulting which outlined the Moreno Valley and the eastern front 
of the Cimarron Range. No evidence of gravel deposits has been 
found on this surface in the Cimarron Range. 

It is suggested that this surface may be correlated with the lava- 
capped surface preserved on Barilla Mesa (Lee, 1922a), called the 
Raton Mesa surface. Lee tentatively correlated it with the surface of 
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the High Plains and with the so-called “Rocky Mountain Peneplain.” 
Gravel reported from beneath the highest lava flows contains quartz 
monzonite boulders derived from the Tertiary intrusives which crop 
out to the southwest, in the northern Moreno Valley and northern 
Cimarron Range and adjacent regions. On the basis of this gravel 
Lee has suggested that the main drainage was to the northeast. Lack 
of maps and insufficient field work make such correlations only tenta- 
tive. The writers (Ray and Smith, 1941) have previously suggested 
that this Mid-Tertiary surface may be correlative with some portion 
of the complex San Juan Peneplain. 


URRACA SURFACE 


Two prominent lava-capped mesas, Fowler and Urraca, slope gently 
eastward from the mountain front in the southern portion of the 
Cimarron Range (PI. 2). South and east of the area mapped, Rayado 
and Gonzales mesas stretch almost 12 miles east of the escarpment of 
Ocaté Mesa into the Great Plains. These are outliers of the widespread 
basaltic lava flows which form the general surface of Ocaté Mesa, to 
which the name Urraca Stage is applied. 

Fowler and Urraca mesas are capped by 60+ feet of basaltic lava 
which flowed over an old erosion surface, in this region cut on Cre- 
taceous sediments of the plains. To the west this surface appears to 
have extended onto the crystalline rocks in the region of Bonito Peak. 
Below the lava, gravel consisting of well-rounded cobbles of pre-Cam- 
brian crystalline rocks was observed. Apparently the erosion surface 
on which the lava was poured beveled bedrock and the mountain core 
in the region of Rayado Creck, north of Ocaté Mesa. Scattered remnants 
of lava along the valley walls of upper Rayado Creek, below the Mid- 
Tertiary surface, are correlated with these flows, indicating that drain- 
age of the interior mountain highland had been established previously 
to the southeast. 

The surface of the lava is gently undulating and appears to be the 
original surface of cooling. Numerous small volcanic bombs, bomb 
fragments, and angular scoria are scattered over the surface of the flow. 

The writers believe the original extent of these flows was never much 
greater than at present. The lava-capped mesas of the plains region 
are believed to be the slightly modified and reduced remnants of lava 
flows which have become isolated by later stream erosion. A small 
amount of the lava has slumped, during wet periods, over the Cretaceous 
shales on which they rest. 

The volcanic plug, previously described, in the canyon of Rayado 
Creek was one of the feeders for the Urraca lava flows. Another feeder, 
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a small cone known as White’s Peak, rises slightly more than 100 feet 
above the general surface of the Ocaté Mesa, about 5 miles south of the 
point where Rayado Creek issues from the mountain front. Much scori- 
aceous lava and many volcanic bombs, weathered to a brilliant red, are 
scattered over the surface of the flows near these two vents. 

The writers believe that the Urraca Stage is contemporaneous with 
and possibly correlative with the Broad Valley Stage reported in the 
Moreno Valley and assigned to the early Pleistocene (?) (Ray and 
Smith, 1941). Tentatively this surface is correlated with the erosional 
surface of the Park Plateau, although there is little definite information. 
After the development of this surface the Cimarron River cut through 
the mountains and captured the drainage of the Moreno Valley. 


PLEISTOCENE PEDIMENTS 


Below the lava-capped mesas long spurs of gravel-capped pediments 
extend from the mountain front. Isolated remnants in the plains far 
from the mountain front rise as flat-topped mesas (PI. 5, fig. 2). This 
is the first attempt to describe and correlate the late erosional history 
of the Great Plains in this region. Lack of suitable maps and definite 
elevations has rendered all such work tentative. 

Near the mountain front, in the area studied, three well-defined gravel- 
capped pediment levels rise above the alluvial flood plains of the Cimar- 
ron River and Urraca and Rayado creeks. All pediments slope to the 
east and toward the major drainage streams. Where uneroded, the 
surfaces are smooth gravel plains, in some places covered with thin layers 
of adobelike silt. The gravel is well rounded, chiefly crystalline rock of 
the mountain core. In general the cementation by caliche is less than 
would be expected. 

The highest pediment level is 250+ feet above the adjacent streams. 
It occurs as scattered remnants, isolated by erosion, or in protected areas 
nestled along the mountain front (Pl. 2). The name Cimarroncito is 
given to this highest pediment and to the gravel capping the surface 
because of an especially well preserved remnant on the north side of 
Cimarroncito Creek, three-quarters of a mile west of New Mexico State 
Highway 21. There the pediment is cut on soft Cretaceous shale and 
is covered by more than 20 feet of well-rounded gravel of crystalline 
rocks. The greatest measured diameter for any cobble in this gravel 
cap was 18 inches. Remnants of this pediment slope gently to the north 
and east, indicating that at the time of formation it was graded not to 
Cimarroncito Creek but to a stream flowing to the north and east to 
join the Cimarron River. Drainage was away from the prominent 
ridge of intrusive rock, Tooth of Time Ridge. The present course of 
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Cimarroncito Creek, between the Tooth of Time Ridge and the remnant 
of the Cimarroncito pediment, is the result of a piracy by a headward- 
working stream from the plains which cut into the soft shales between 
the igneous intrusion and the present pediment remnant. 

Several remnants of this pediment are along the upper courses of 
Urraca Creek and below the rim of Ocaté Mesa (PI. 2). These remnants 
were graded to the local streams draining from-the mountain front. 

An extensive pediment, here called the Philmont Pediment because of 
the well-preserved remnants on the Philmont Ranch, has been produced 
below the Cimarroncito Pediment as a result of a period of downcutting 
and stabilization. This surface rises approximately 100 feet above the 
present level of the Cimarron River. The gravel cap, to which the name 
also applies, is more than 10 feet thick and is poorly cemented by caliche. 
Excellent remnants of this surface are preserved along the whole moun- 
tain front and far out into the plains. 

The third and lowest pediment rises 45+ feet above the adjacent 
streams and is called the Rayado Pediment because of its development 
and preservation along Rayado Creek. The entire thickness of the gravel 
cap, to which the name also applies, was nowhere seen, but a maximum 
thickness observed was about 7 feet. Along the Cimarron River, about 
3 miles west of the village of Cimarron, on U. 8. Highway 64, a road cut 
through this pediment exposes 4 to 6 feet of gravel resting on the Cre- 
taceous shale. Maximum measured diameter of cobbles in this gravel 
was 2 feet. 

Along the Cimarron River scattered remnants of an alluvial terrace 
in some places rise 20 feet above the river. No attempt was made to 
map remnants of this terrace, or complex of low terraces. Correlative 
remnants were not studied on other streams. In places this alluvial 
terrace appears to merge with the present flood plain of the river. 

East of the mountains the pediments merge so that identification 
becomes exceedingly difficult. Without adequate topographic maps these 
surfaces cannot be traced to the valley of the Canadian River. 


AGE AND CORRELATIONS 


No pediment surfaces or alluvial terraces can be traced through the 
canyon of the Cimarron River and into the Moreno Valley. However, 
on the basis of the similar sequence of pediments in both areas, it is 
suggested that the three pediments of the Moreno Valley (Ray and 
Smith, 1941) may be correlated with the three pediments of the plains 
adjacent to the mountain front, since in both cases the pediments were 
cut to a common base level. As the surfaces, however, are not necessarily 
related to those on the western side of the Sangre de Cristo Mountains 
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in the Rio Grande Depression, no similarity of sequence is to be expected. 

Formation of these pediments is believed due to the shifting climatic 
conditions of the Pleistocene with the alternating pluvial cold and wet 
periods and the warm and dry periods (Bryan and McCann, 1936; Bryan 
and Ray, 1940). 


CENOZOIC HISTORY OF THE CIMARRON RANGE 


The Cimarron Range, as a small portion of the Southern Rocky Moun- 
tains, has undergone a long and complicated history which can only be 
partially unraveled in a small area where evidence is not complete. The 
history of the Cimarron Range is in agreement with the general regional 
geologic history of the Sangre de Cristo Mountains, and evidence of 
geologic events in adjacent regions logically fits into the interpretation 
here proposed. In general, the geologic history outlined for the Moreno 
Valley (Ray and Smith, 1941) is substantiated by the present study. 

Previous to the Laramide Revolution, which ended marine sedimenta- 
tion in the Southern Rocky Mountains, there had been a long erosional 
and depositional history, evidence for most of which has been lost in 
northern New Mexico where Carboniferous rocks rest directly on an 
erosional surface of low relief developed on pre-Cambrian crystalline 
rocks. Arkosiec Carboniferous beds indicate that toward the close of the 
Paleozoic some of the crystalline rocks rose above the general level of 
the shallow seaways. The exact position of these “Ancestral Rockies” 
(Lee, 1918) has not been determined. The uplift of late Cretaceous 
time ended a long period of sedimentation in the shallow geosyncline and 
initiated a broad geanticline on the site of the present Southern Rocky 
Mountains. This anticline extended from the upturned hogback ridges 
marking the boundary between the highlands and the Great Plains on 
the east to similar hogback ridges on the west which mark the boundary 
between the mountains and the Colorado Plateau. Unknown thicknesses 
of sediments were removed from the uplifted region and were deposited 
primarily to the east and west on the Great Plains and the Colorado 
Plateau. 

In the Cimarron region sediments from the highland were deposited 
to the east as a great alluvial apron. Coarsest sediments, deposited near 
the margins of the uplift, are now represented by the Raton formation. 
Younger formations now removed by erosion may have been present, 
but all such evidence is now missing. The mountain highlands to the 
west, as noted by Lee (1917), furnished the coarse materials of the basal 
Raton formation. 

Deposition of the early Tertiary sediments was followed by crustal 
deformation and intrusion of igneous dikes and sill-like bodies (Pl. 1), 
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prominent in the northern portion of the Cimarron Range and in the 
northern Moreno Valley. It is generally believed (Knopf, 1936; Lee, 
1922a; Ray and Smith, 1941) that these intrusives were contemporaneous 
with those of the Spanish Peaks region, 60 miles to the north. No 
accurate date can be assigned to the intrusions other than that they are 
post-Raton and pre-Picuris (?) (Ray and Smith, 1941). It appears, 
however, as Lee has stated (1922), that igneous activity is related to the 
post-Raton deformation which produced the syncline of the Raton Mesa, 
the northward-plunging anticline of the Cimarron Range, and syncline 
of the Moreno Valley. In all probability this period of deformation 
occurred in the post-Oligocene—pre-Miocene interval and may be con- 
temporaneous with a similar deformation in the northern Colorado Front 
Range (Ray, 1938). 

A long period of erosion in the region of the present highlands and 
deposition in the plains followed this deformation and igneous intrusion. 
The rising base level of the overloaded streams of the plains and the 
concomitant erosion in the highlands developed a graded surface of com- 
plex character which extended from the plains on the east across the 
mountains to a similar surface of deposition on the west. Monadnocks 
of pre-Cambrian rocks rose above the general level of this Mid-Tertiary 
surface in the Cimarron Range. Attempts have been made to correlate 
this surface with the San Juan peneplain and with the so-called Rocky 
Mountain peneplain. Any such correlation is only tentative because of 
the multiplicity of erosion surfaces throughout the Southern Rocky 
Mountains and the lack of definite correlation and age assignments (Lee, 
1922b; Ray and Smith, 1941; Rich, 1936; Van Tuyl and Lovering, 1935). 
The writers believe, however, that in Mid-Tertiary time there was a 
complex but widespread surface of low relief in the Southern Rocky 
Mountains (Atwood, 1940). At this time faulting had not initiated the 
Rio Grande Depression and the Moreno Valley. 

Remnants of this Mid-Tertiary surface of low relief occur in the Taos 
Range west of the Moreno Valley (Ray and Smith, 1941) and constitute 
the interior highland of the Cimarron Range. Elevations approximate 
10,000 feet. A single unconsolidated gravel deposit believed to have 
been formed on this surface has been described from the northern portion 
of the Moreno Valley and tentatively correlated with the Picuris (?) 
formation. North of the Cimarron region, near the Colorado-New 
Mexico State boundary, basaltic lava flows were poured out on a surface 
now represented by scattered remnants under the highest flows. Lee 
(1922) refers this surface to the end of the Tertiary, chiefly on physio- 
graphic grounds. Darton (1905) correlated gravel on this surface with 
the Pliocene Ogalalla formation. The writers are inclined to the belief 
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that this surface is older than the faulting which outlined the Moreno 
Valley and is thus late Miocene or earliest Pliocene, and that the surface 
is probably part of the Mid-Tertiary surface of low relief. Hill’s (1900) 
earlier interpretation that this surface is of Eocene age is untenable. 

At the close of the Mid-Tertiary when the broad geanticline of the 
Southern Rocky Mountains had been reduced to a surface of low relief, 
though presumably of high elevation, faulting similar to that of the 
Basin and Ranges produced the Rio Grande Depression and the Moreno 
Valley. Pliocene deposits accumulated in these structural depressions 

(Bryan, 1938; Ray and Smith, 1941). En echelon cross faulting and 
differential uplift of the mountains relative to the plains occurred at 
this time. 

In the Cimarron Range, the Early Pleistocene (?) Urraca surface has 
been correlated with the Broad Valley Stage of the Moreno Valley (Ray 
and Smith, 1941), the surface of the Park Plateau (Lee, 1922a), and 
the general surface of the Ocaté Mesa (Fenneman, 1931). Lava flows 
in the southern portion of the Cimarron region spread across large areas, 
and great tongues moved across the gravel-capped pediment surface far 
from the present mountain front out into the Great Plains. No attempt 
has been made to correlate lava flows in the plains region with surfaces 
near the mountain front. The problem of the merging of the pediment 
surfaces away from the mountain front and the complexity of the lava 
flows must await more adequate base maps. 

Climatic fluctuations of the Pleistocene with alternating wet and dry 
periods are believed to explain the steplike series of pediments between 
the Urraca pediment and the alluvial flood plains of the streams flowing 
from the mountain front. Following the completion of the Urraca pedi- 
ment, the Cimarron River captured the drainage of the Moreno Valley 
through its headward extension along the northern boundary of the 
Cimarron Range. Drainage of the Moreno Valley was diverted from its 
southward course, through the Cimarron Canyon, into the headwaters 
of the Canadian River. Thus the three pediments of the Moreno Valley 
probably correlate with the three pediments of the Cimarron region, but 
lack of remnants in the gorgelike Cimarron Canyon prevents direct 
correlation. 

The problem of the lack of late Cretaceous and Tertiary formations 
south of the Raton Mesa has not been adequately solved. Lee (1922a} 
has suggested that the southern portion of the mountains rose to higher 
elevations than the northern, thus the formations originally deposited in 
this area have been more vulnerable to erosion and have been removed. 
This explanation does not seem entirely adequate. Lee has suggested 
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that the streams which deposited the Raton formation flowed to the 
northeast. The writers believe that the streams must have flowed ap- 
proximately east, for the source material of this formation lies imme- 
diately west of the present areal extent of the formation. To the south 
much of the crystalline core of the mountains is still covered by Paleozoic 
formations. Thus, the character of the Raton formation must have 
differed from that to the south, for Paleozoic limestones, sandstones, and 
shales furnished less resistant material than the pre-Cambrian quartzites 
of the northern country. The great post-Raton intrusives north of the 
Cimarron River have aided in the lithification and increased resistance 
to erosion of the Raton formation in that area. Also, as suggested by 
Lee (1922a), the Raton formation of the Raton Coal Basin rests in a 
syncline which has protected it from deep erosion. 


SUMMARY OF CONCLUSIONS 


The Cimarron Range is a large northward-plunging anticline with a 
core of pre-Cambrian crystalline rocks, broken on the west by a normal 
fault and on the east by a high angle reverse fault dipping to the west. 
The fold produced by the Laramide orogeny has been modified by the 
Tertiary faulting and intrusions. 

Interpretation of the geologic history of the area agrees with that 
proposed for the Moreno Valley to the west. No definite correlations 
can be made between the pediment surfaces in the Cimarron Range and 
the Moreno Valley, but the similarity in number and position of these 
surfaces in the two regions suggests reasonably close correlation. No 
attempt has been made to correlate the physiographic events with those 
of the Great Plains to the east. 

The hogbacks of the Dakota formation are considered the boundary 
between the Rocky Mountains and the Great Plains. Thus, the Cimarron 
Range forms an eastward extension of the mountain province. The 
Dakota hogbacks in the northern part of the Moreno Valley are approxi- 
mately 12 miles farther west than those along the east front of the 
Cimarron Range. Their position has been effected by bending of the 
strata around the nose of the Cimarron Range anticline. South of the 
Cimarron Range, in the Ocaté Mesa area, the hogbacks also appear to 
the west, but the outcrops have not been traced. 

The study of the Cimarron Range was a continuation of the work on 
the Sangre de Cristo Mountains begun in the Moreno Valley in 1940 
(Ray and Smith, 1941). This project and the work of others in the 
areas to the west has shown that the Sangre de Cristo Mountains in 
this section are structurally the eastern portion of a large geanticline, 
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which consists of two large anticlines, the Taos Range on the west and 
the Cimarron Range on the east, separated by the Moreno Valley syn- 
cline. These folds have been broken by large northward-trending longi- 
tudinal faults, principally along the limbs of the folds, and by smaller 
transverse faults. There has been much igneous activity throughout 
this region. 
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Plate Facing page 

ABSTRACT 


The Archean sediments of the southern Canadian Shield are mainly graywacke. 
Much conglomerate, a little slate, and still less iron-bearing formation are also 
present. Excessive thickness, especially of the conglomerates, abundance of graded 
bedding, rarity of cross-bedding and absence of ripple mark, the graywacke nature 
of the arenaceous beds, the absence of true quartzites and limestones and scarcity of 
normal argillaceous sediments, and the association with greenstones and tuffs are 
all the earmarks of a geosynclinal facies of sedimentation. The deposits are much 
like the rapidly accumulated “Flysch” sediments of later eras. 

The petrology of the sediments of any age is determined primarily by the tectonic 
environment. Whether the deposit is marine or continental is of secondary im- 
portance. Deep erosion left only the axial portion of the Archean geosynclines and 
hence only orogenic sediments. In this fact is found an explanation of the petro- 
graphic similarity of all early pre-Cambrian sediments regardless of age (Timiskam- 
ing-type) and the differences between these sediments and those of most of the 
Huronian (Huronian-type) and later periods. 
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INTRODUCTION 
GENERAL STATEMENT 


The Archean’ has been and still is the terra incognita of geology. 
That which has been written about it from first-hand study is scattered 
through scores of mining reports published mainly by governmental 
surveys. These are technical, unco-ordinated reports on isolated areas. 
At infrequent intervals attempts have been made to relate the work in 
one district to that of another. These efforts dealt mainly with the 
problems of correlation, and a discussion of the nature and origin of 
the Archean sediments is usually lacking or included only insofar as 


T 


1The term “Archean” is here used as synonymous with pre-Huronian. The writer is well aware 
that such usage, though common, is not universal. The Grenville, because of its uncertain relations 
to the Huronian, is excluded. 
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such discussion bears on the problem of correlation. No universal 
agreement on the proper correlation yet exists. 

While little has been written on the origin of the Archean sediments, 
many data have accumulated which if digested and organized should 
lead to a rational interpretation of the conditions prevalent in the 
Archean and circumstances and manner of accumulation of these early 
deposits. To some it may seem that interpretation of such ancient strata 
offers insuperable difficulties arising from the unsatisfactory correlation, 
the fragmentary record, and the extreme metamorphism and deforma- 
tion of the rocks involved. While some of these difficulties are real, 
others are less than generally supposed. The author believes that care- 
ful analysis of existing data does lead to a significant and unique inter- 
pretation. It is the purpose of this paper to present that interpretation. 

There still persists in current textbooks and even in some scientific 
papers a misconception with respect to early pre-Cambrian rocks and 
times. The Archean is described as “an exceedingly complicated assem- 
blage of schists, gneisses and granites” “profoundly metamorphosed” 
which is explained as “natural” because “all subsequent diastrophism 
and volcanism have affected them,” or, as another writer expressed it, 
the Archean is “distinguished by dominance of highly metamorphosed 
and deep-seated igneous rocks.” But, as Sederholm noted, many of 
the outcrops of the Archean (Bothnian) conglomerates of the pre- 
Cambrian (of Finland) 


“so perfectly resemble recent accumulations of gravels alternating with sand beds 
that, at first glance, they might be taken for such if it were not for the tilting up 
of the strata. Geologists who visit these wonderful exposures for the first time 
usually feel doubt, not about the rock’s nature as a normal aquatic sediment, but 
far more about its belonging to an old pre-Cambrian series.’ 


The Archean conglomerate exposures of the Minnitaki and Manitou lakes 
region of northwestern Ontario and the type outcrops of the Timiskaming 
near New Liskeard are equally impressive. In some Archean argillites, 
one may study the bedding in the finest detail, just as in any late 
Pleistocene varved clay. The associated “Keewatin” volcanics show 
pillow structures, amygdules, spherulitic structures, and other primary 
features as do lavas of much later geologic time. The metamorphism 
is mainly of the epizone, that is, it is low grade. These early rocks, 
moreover, have not been affected by all later diastrophism and volcanism. 
To be sure they have been involved in orogenic movements, but later 
orogeny (including later pre-Cambrian deformation) has left many of 
them untouched. As all geologists know, the “Shield” has been a stable 
area since late pre-Cambrian time. Some of it has been unaffected by 
orogenic movements since the Archean. Locally these formations have 
been highly metamorphosed, but so have many younger rocks. 
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PREVIOUS CONCEPTS OF ARCHEAN SEDIMENTATION 


Interpretations of origin are influenced by prevailing geologic thought. 
Early emphasis on marine inundations of the continent, so well recorded 
in the Paleozoic and later rocks, colored the earliest interpretations of 
the Archean record. The sediments of that time were thought to be 
marine only because most sediments were so cunsidered. Little evidence 
was produced to support this view. 

At a later period, following Barrell’s masterly analysis of continental 
sedimentation, opinion swung to a continental origin for the Archean 
sediments. Typical of this view is the statement by Van Hise and Leith 
(1911, p. 603) concerning the early pre-Cambrian sediments of the Lake 
Superior Region. They said 
“, . it is regarded as likely that these rocks are essentially of terrestrial deposition 
because of their unassorted character, being made up principally of conglomerate and 
graywacke, lacking quartzite and limestone; because of the recurrence of con- 
glomerates at many horizons through several hundred feet; because the extensive 
conglomerate beds . . . have a thickness and extent which are more easily explained 
by terrestrial than by ‘subaqueous sedimentation. . 

Others were of like opinion. Lawson sane: p. 62), for example, 
regarded the Seine conglomerate as terrestrial. The lowermost part was 
interpreted as a fanglomerate of which Lawson says 


“  .. the fanglomerate is without doubt a sub-aerial formation and since it grades 
up into a conglomerate in which the boulders and pebbles are well waterworn, it 
seems a fair inference that the conglomerate represents a gravelly flood-plain rather 
than the beach of a transgressing sea.” 
Collins, Quirke, and Thomson (1926, p. 22), in a description of the 
Doré series, note that “. . . shales and limestones are absent. Early 
Precambrian sediments are characteristically coarse and poorly weath- 
ered . . . perhaps through lack of a protective cover of vegetation. . . .” 
In the case of the Doré series “. . . a continental glacial origin may be 
dismissed . . . there are no conglomerates that resemble boulder clay.” 
These authors regard the Doré sediments as “. . . land accumulations 
of sedimentary debris in regions of mountainous relief” though “. . . prob- 
ably the better stratified parts were deposited in small bodies of water.” 
Bruce (1927, p. 779, 780), in a summary of the problem of origin 
of the mixed Archean volcanic and sedimentary complex, noted that 
“there are no limestones; all sediments are clastics, excepting possibly some beds 
of iron formation, and all observers agree in assuming dominantly terrestrial con- 
ditions of deposition.” 
He interpreted the Archean sediments of northwestern Ontario and Man- 
itoba as 


“a great floodplain and delta deposit grading from coarse conglomeratic_river 
deposits at Knee Lake to the fine-grained sandy to clayey beds of the delta at Rainy 
Lake, 400 miles to the south and of Wekusko and Amisk lakes, 250 miles to the west.” 
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A northern source for the sediment is implied. To the whole deposit 
the name “Coutchiching delta” was applied. Contemporaneous volcan- 
ism gave rise to the greenstone lavas which are earlier than the sedi- 
ments in some place, interbedded with them in others, and vounger than 
most in other localities. 

Cooke, James, and Mawdsley (1931, p. 71) interpreted the Timis- 
kaming conglomerates of western Quebec as fan-shaped accumulations 
of coarse gravel produced by streams though the finer associated gray- 
wackes were thought to have formed in a “shallow body of standing 
water” either a great lake or the sea. Bruce (1937, p. 18) in a report 
on the eastern part of the Sturgeon River area of Ontario says 
“From the largely clastic character of the Timiskaming rocks, the coarse and hetero- 
geneous character of the conglomerate that makes up the great part of the northern 
exposures, the rapid thinning out and disappearance of it to the south, and the 
comparative freshness of the constituent minerals, even of the graywacke, it is 
concluded that the material from which the Timiskaming rocks was formed .. . was 
not transported far, and that it was carried in rapid streams flowing down ‘from 
an elevated region being so rapidly dissected that the rocks were disintegrated 


without any deep weathering. Probably the sediments were deposited as a series 
of piedmont fans.” 


Bateman (1940, p. 12) interpreted the Slate Lake conglomerate as 


“...a fan type of sedimentary deposit at the base of a highland” and “as the 
other sediments, with the exception of iron formation, are dominantly arenaceous 
and lack the argillaceous and calcareous facies common to most marine sedimentary 
series, they, too, are presumed to be of continental origin.” 
Gruner (1941, p. 1639) interpreted the Knife Lake series of Minnesota 
as“. . . largely, if not entirely, continental in character.” 

Coleman leaned to a glacial interpretation of many of the early pre- 
Cambrian deposits. Of the Timiskaming, the Seine, and other conglom- 


erates, Coleman (1926, p. 234) says they “. . . are undoubtedly land 
deposits and have many of the features that belong to moraines. big 
At least, as Coleman (p. 238) says of the Doré conglomerate, “. . . these 


heterogeneous boulder conglomerates, with unweathered feldspars in 
their matrix, piled up to a thickness of thousands of feet, are more 
naturally explained by the action of mountain glaciers and glacial 
streams than in any other way.” The hypothesis of glacial origin was 
further supported, according to Coleman (p. 234), by the “seasonal 


banding in Timiskamian or Sudburian rocks” which “. . . may be con- 
sidered evidence of the thawy summers and cold winters near the edge 
of an ice sheet.” 

The interpretation advanced in this paper is at variance with most 
of the views expressed above. The Archean sediments bear a striking 
resemblance to certain sediments of later times, notably the thick accu- 
mulations in the Caledonian geosyncline of Great Britain and the Fran- 


— 
ht. 
ed 
of 
be 
_| 
an 
ke 
nd 
on~ 
ive 
ied 
le, 
des 
it 
her 
he 
ly 
h- 
” 
be ae 
” 
ns 
b- 
rin 
yn- 
n- 
iny 
_| 


930 F. J. PETTISOHN—ARCHEAN SEDIMENTATION 


cisean geosyncline of California. This similarity extends even to minor 
details and is so striking that little doubt remains that both the 
Archean and the younger deposits were formed in an identical manner. 

The key to the interpretation of both older and younger deposits is 
the tectonics of the area of accumulation. In the past geologists have 
interpreted sediments as either continental or marine. This scheme has 
not proven very fruitful since petrographically similar rock types form 
in both environments. There are, however, marked petrographic dif- 
ferences between the deposits of certain tectonic environments and their 
analogues of other tectonic regimens. Of all environmental factors, 
therefore, tectonics is the prime one. It is in support of this concept 
that an interpretation of the Archean is here presented. 


STRATIGRAPHY 


Any subdivision of the Archean at the present time is premature. All 
earlier attempts at subdivision and correlation have been shown to be 
erroneous in one district or another. This is particularly true of the once 
widespread concept of a universal voleanic Keewatin basement upon 
which were infolded synclinal remnants of a widespread sedimentary 
system—the Timiskaming. Even this concept was early challenged 
by some who thought evidence existed for a pre-Keewatin sedimentary 
series to which the term Coutchiching was applied. 

In the last decade close attention has been given to the internal struc- 
tures of the sediments and the lavas as an aid in determining the order 
of superposition. Such observations combined with more detailed, large- 
scale mapping have been responsible for the breakdown of the simplified 
Keewatin-Timiskaming concept. Superposition of Keewatin-like lavas 
on Timiskaming-like sediments and unquestioned interbedding of the 
two is now reported from a score of widely separated localities. It seems 
probable, therefore, that the Archean is not readily divisible into two 
parts but is much more complex and will eventually be divided into a 
large number of geological systems. Wilson (1939, p. 7) has, therefore, 
recommended the use of local series names or such terms as Keewatin- 
type and Timiskaming-type expressing lithologic rather than strati- 
graphic similarity. Leith makes a similar recommendation but suggests 
only the broader terms Archean-type and Algonkian-type. 

One reason for failure to achieve a satisfactory subdivision of the 
Archean has been lithology. The lithologic unity of the early pre- 
Cambrian series is so striking that identity in time of origin has been 
assumed. This is an error into which geologists have often fallen. Dis- 
cussion in this paper, therefore, of Archean strata of different localities 
does not imply that these are regarded as contemporaneous. On the 
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contrary, the author believes that there is some evidence to show that 
they belong to different periods though they are all Archean—z.e., pre- 
Huronian. Their striking lithologic similarity means only that they— 
like the kindred deposits of Paleozoic and later times—had a common 
mode of origin. 

On Plate 1 are plotted the known Archean sediments of the southern 
part of the Canadian Shield (excepting the Grenville if that be Archean). 
Most significant is the grouping of the mapped occurrences into fairly 
well defined belts. Only a few isolated exposures fall outside these geo- 
graphic units. The belts are somewhat incompletely delimited, and 
direct connection between all parts is lacking. This lack will be in part 
supplied as field work extends our knowledge. It will, in part, always 
be somewhat incomplete owing to destruction of such connections by 
batholithic granites. 

The geographic unity shown on the map probably means stratigraphic 
unity also, though final proof of this is lacking and must await much 
further field study. Such a relation, if true, does violence to opinions 
held at present by some field workers (though it accords with that of 
others) and is, therefore, subject to reservations (though perhaps the 
aberrant field work needs restudy). As will be pointed out, these beltlike 
groupings of the Archean sediments are interpreted as independently 
formed and folded geosynclinal belts. 


ARCHEAN SEDIMENTS 


CONGLOMERATE 


Areal and stratigraphic relations—Archean water-laid conglomerates 
were early recognized as true supracrustal rocks, though some geologists 
failed to distinguish these deposits properly from agglomerates and vol- 
eanic breccias. The presence of well-worn granitic debris in the former 
was rightly interpreted as signifying a major epoch of erosion. The 
volcanic conglomerates, locally present between flows of the greenstone 
complex and containing no granite, represent but an interlude of sedi- 
mentation of no great importance. Attention is here directed, therefore, 
only to the granite-pebble bearing conglomerates. 

Though some workers have, on lithologic grounds, called all the granite- 
bearing conglomerates Timiskaming, it is very probable that the major 
episodes of gravel accumulation belong to several geologic periods. 

Some of the larger and more persistent deposits have been given local 
names. These include the Ogishke and other conglomerates of the Knife 
Lake area in Minnesota; the Seine conglomerate from the Seine River 
region just east of Rainy Lake, Ontario; the Manitou conglomerate from 
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Manitou Lake, Ontario; the Abram conglomerate on Abram Lake and 
the Savant conglomerate on Savant Lake in northwestern Ontario; the 
Windigokan conglomerate just east of Lake Nipigon; the Doré con- 
glomerate near Michipicoten, the Timiskaming conglomerate near New 
Liskeard, and the conglomerates of the “Timiskaming” series near Kirk- 
land Lake and of the Pontiac series in the Rouyn district of western 
Quebec. Many lesser deposits without local names also exist. (See 
Plate 1.) 

The conglomerates may form the basal beds of the sedimentary series 
of which they are a part. Such is the case at Savant Lake, Abram Lake, 
Windigokan Lake, Block Creek, etc. In not all places, however, even 
in the districts named, is the conglomerate present at the base. In some 
places its absence is due to faulting; in others the conglomerate was 
never deposited. It has also been shown that thick conglomerates occur 
at horizons well above the base of the series. On Vermilion Lake, for 
example, the basal conglomerate is a thin, unimpressive accumulation of 
angular and poorly sorted debris (Pettijohn, 1935). Well-worn, coarse 
conglomerates of important proportions do appear, however, in the Abram 
series of this locality some thousands of feet above the base. 

Several conglomerates are present even in the same section. On 
Mosher Bay of Manitou Lake, for example, three well-defined heavy 
conglomerates as well as some minor lenses are reported (Pettijohn, 
1937). Merritt (1934) reports two conglomerates in the Seine series of 
Shoal Lake. Gruner (1941) has described several major conglomerates 
in the Knife Lake area. Conglomerates, all essentially similar in com- 
position, are reported by Gunning and Ambrose (1939) in the Archean 
sediments near Cadillac, Quebec. 

Diverse opinions have been expressed respecting the relations of the 
conglomerate and associated sediments to the underlying voleanics. No 
doubt relations differ in different districts. Miller and others early saw 
the significance of a great conglomerate bearing both greenstone and 
granitic debris. The greenstone detritus in particular was interpreted as 
indicating a profound break between the lava complex and the sediments. 
Only recently, however, has good structural evidence been produced to 
support this view (Horwood, 1941). In other districts there appears 
no marked break, and locally a complete gradation between lavas and 
sediments has been reported. Younger lavas identical in appearance else- 
where rest on the sediments of which the conglomerates are an integral 
part (Bateman, 1940; Rittenhouse, 1936). 


Petrography.—tThe Archean conglomerates in the various districts are, 
on the whole, much alike. A notable feature of many of the deposits 
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is their extraordinary thickness. As may be seen from Table 1, most 
of the better-known deposits exceed 1000 feet thick. Most remarkable 
is the 8700 feet of conglomerate exposed north of Iron Lake in the Savant 
Lake district. The figures for thickness are, of course, maxima. The 
conglomerates are generally conceded to be lens-shaped, though some 
have a remarkable persistence along the strike. 


Taste 1—Mazimum thickness of Archean conglomerate deposits 


Area Series Reference 
Block Creek Windigokan 3000 Jolliffe (1934, p. 10) 
Seine River Seine 
Lower conglomerate 2000 Merritt (1934, p. 346-7) 
Upper conglomerate 2500 
Ogishkemuncie Knife Lake 
Lake Ogishke conglomerate} 4000 Gruner (1941, p. 1598) 
Tron Lake Savart 8700 Rittenhouse (1936, p. 457 
461) 
Abram Lake Abram 2500 Pettijohn (1934, p. 489) 
Mosher Bay Manitou 
Manitou Lake Lower conglomerate 1100 Pettijohn 
Middle conglomerate 1200 
Upper conglomerate 400 
Teck Township | “Pontiac” or 3600 Cooke, James, and Mawdsley 
Ontario “Timiskaming” (1931, p. 72) 


All the conglomerates are very coarse. Boulder or cobble conglomerate 
is an appropriate designation for many. Table 2 gives the maximum 
boulder size reported in various districts. The average size, of course, 
is much smaller and is generally not over one-fifth the maximum size. 
Largest reported fragment is a remarkably irregular block of graywacke- 
slate 9 feet in length embedded in a coarse white arkose matrix near 
East Bay of Minnitaki Lake. This piece is apparently intraformational 
and may possibly be a slump block from a channel margin. A porphyry 
boulder of similar dimensions is reported from the Destor-Duparquet 
band of sediments of the Rouyn region, Quebec (Cooke, James, and 
Mawdsley, 1931, p. 62). A 5-foot granite gneiss boulder occurs in the 
Abram conglomerate of Block 10 near Sioux Lookout (Pettijohn, 1934, 
p. 493), and a 4-foot quartz porphyry boulder was seen by the writer in 
the East Bay conglomerate of Minnitaki Lake (Abram series). 

Except for local stretching and shearing, the pebbles and cobbles are 
well rounded to subrounded. Some of the gravels are exceptionally 
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smooth and worn (PI. 2, fig. 2; Table 3). In other places the debris 
is more angular, and locally it is very angular. Lawson (1913), for 
example, was so impressed by the disordered, ill-sorted, poorly rounded 
debris of the Seine conglomerate on the northwest shore of Shoal Lake 
(east) that he called the deposit a fanglomerate and interpreted the 


Taste 2—Mazimum size of boulders in Archean conglomerates 


Area Series esc Reference 
Michipicoten Doré 30 Collins, Quirke, Thomson (1926, 
p. 22) 
Stuntz Bay Knife Lake 24 Clements (1903, p. 241) 
Vermilion Lake 
(Minnesota) 
Crooked Lake Knife Lake 12 Gruner (1941, p. 1613) 
Shoal Lake (E) | Seine 36 Lawson (1913, p. 60) 
Minnitaki Lake | Abram 48 (108)| Pettijohn 
(East Bay) 
Abram Lake Abram 60 Pettijohn (1934, p. 493) 
Washeibegama | Manitou 36 Thomson (1933, p. 14) 
Lake 
Savant Lake Savant 45 Moore (1929, p. 61) 
Slate Lake Slate Lake over 12 Bateman (1940, p. 9) 
Rouyn- Pontiac 12 Cooke, James, Mawdsley (1931, 
Harracanaw (“Timiskaming’’) p. 55) 
Birch Lake Birch Lake over 12 Harding (1936) 
Timiskaming Timiskaming over 15 Miller (1913, p. 64) 
Block Creek Windigokan 20 Jolliffe (1934, p. 10) 
Wakami Lake Ridout 30 Emmons and Thomson (1929, 
p. 9) 


material as the little-transported mantle rock formed from the older 
Shoal Lake granite incorporated into the basal Seine. Illustrative of 
the more rounded conglomerate pebbles is the material from Lahay Bay, 
of Manitou Lake, and from the outcrops of the type Timiskaming near 
New Liskeard, Ontario. The roundness and sphericity of a representa- 
tive collection of pebbles from the former deposit has been measured and 
compared to that of similar rock types from Wisconsin glacial outwash 
near Aurora, Illinois (Pl. 5; Table 3). The Archean gravel is a little 
better rounded. 

The well-worn nature of the pebbles stands in marked contrast to 
the extreme angularity of the particles in the associated clastics of medium 
grain. The latter deserve the name of microbreccia (PI. 11, fig. 4). 
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Ficure 1. ARCHEAN CoBBLE CONGLOMERATE 


Manitou series, Manitou Lake, Ontario. From this outcrop the pebbles shown in Fig. 2 of Pl. 5 
were collected. 
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Roundness of the cobbles, however, does not necessarily signify long 
transportation for it has been shown that rounding of coarse debris 
is rather easily accomplished even by short transportation. Krumbein 
(1940, p. 655) has shown that subangular granodiorite (0.28) becomes 
rounded (0.44) in but 4.3 miles of travel down the San Gabriel canyon 
of California, and similar material changed from angular (0.16) to 
subrounded (0.38) in 9.35 miles of travel down the Arroyo Seco canyon 


TasBLeE 3.—Sphericity and roundness of Archean and other gravels 


Type Age Locality Sphericity Roundness porns 
Glacial Pleistocene Aurora, III. .72 .56 100 
outwash 
Fluvial? Pre-Cambrian | Lahay Bay, .74 .63 38 
Manitou Lake, 
Ont. 
Fluvial Recent San Gabriel By i .44 50 
(flood)* canyon, Calif. 


*Data from Krumbein (1940, p. 655, sample #0-14). 


(1942, p. 1385) of the same area. Though rounding proceeds more 
slowly as the roundness increases, it seems likely that the granitic debris 
of the Archean gravels would become well rounded in about three to 
five times that distance observed in the California canyons—namely, 15 
to 45 miles. 

The pebbles and cobbles are more or less segregated as to size and 
are crudely bedded in the fashion of any coarse terrace or outwash gravel 
(Pl. 3, fig. 1; Pl. 4). In some areas the outcrops contain only coarse 
boulders, whereas in others the coarse gravels are interbedded with pealike 
grits and arkose. The latter are cross-bedded in many places. Sporadic 
pebbles or pebbly laminae are not uncommon. Locally the arkosic phase 
dominates over the conglomerates, as in Vermilion Township, Ontario. 
Such arkosite is in many places massive and devoid of any visible bed- 
ding. A sporadic pebble or two of well-rounded granite may relieve 
the monotony of the outcrop. Cut-and-fill structure, lenticular bedding, 
and imbrication of the flatter pebbles (Pettijohn, 1934; Gruner, 1941, 
Pl. 3) are observed in some outcrops. All suggest strong current action. 

As noted by Cooke, James, and Mawdsley (1931, p. 72), there is a 
general relation between thickness of the bed and the coarseness of the 
cobbles (and roundness) in any given district. Generally the thinner con- 
glomerates are made of smaller better-rounded pebbles. Accordingly 
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Roundness of the cobbles, however, does not necessarily signify long 
transportation for it has been shown that rounding of coarse debris 
is rather easily accomplished even by short transportation. Krumbein 
(1940, p. 655) has shown that subangular granodiorite (0.28) becomes 
rounded (0.44) in but 4.3 miles of travel down the San Gabriel canyon 
of California, and similar material changed from angular (0.16) to 
subrounded (0.38) in 9.35 miles of travel down the Arroyo Seco canyon 


Taste 3.—Sphericity and roundness of Archean and other gravels 


Type Age Locality Sphericity Roundness nc 
Giacial Pleistocene Aurora, III. 56 100 
outwash 
Fluvial? Pre-Cambrian | Lahay Bay, .74 .63 38 
Manitou Lake, 
Ont. 
Fluvial Recent San Gabriel 71 44 50 
(flood)* canyon, Calif. 


*Data from Krumbein (1940, p. 655, sample #0-14). 


(1942, p. 1385) of the same area. Though rounding proceeds more 
slowly as the roundness increases, it seems likely that the granitic debris 
of the Archean gravels would become well rounded in about three to 
five times that distance observed in the California canyons—namely, 15 
to 45 miles. 

The pebbles and cobbles are more or less segregated as to size and 
are crudely bedded in the fashion of any coarse terrace or outwash gravel 
(Pl. 3, fig. 1; Pl. 4). In some areas the outcrops contain only coarse 
boulders, whereas in others the coarse gravels are interbedded with pealike 
grits and arkose. The latter are cross-bedded in many places. Sporadic 
pebbles or pebbly laminae are not uncommon. Locally the arkosic phase 
dominates over the conglomerates, as in Vermilion Township, Ontario. 
Such arkosite is in many places massive and devoid of any visible bed- 
ding. A sporadic pebble or two of well-rounded granite may relieve 
the monotony of the outcrop. Cut-and-fill structure, lenticular bedding, 
and imbrication of the flatter pebbles (Pettijohn, 1934; Gruner, 1941, 
Pl. 3) are observed in some outcrops. All suggest strong current action. 

As noted by Cooke, James, and Mawdsley (1931, p. 72), there is a 
general relation between thickness of the bed and the coarseness of the 
cobbles (and roundness) in any given district. Generally the thinner con- 
glomerates are made of smaller better-rounded pebbles. Accordingly 
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there is a progressive decline in size of the pebbles as the conglomerate 
is followed along the strike away from the place of maximum width 
or thickness. The pebbles of the conglomerates of the “Timiskaming” 
near Kirkland and Larder lakes diminish in size as the formation is 
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E S+M 


50 
Ficure 1—Lithologic composition of conglomerates 


E, eruptive (greenstone); P, plutonic (granite, gneiss, quartz porphyry); S + M, sedimentary and 
metamorphic (chert, jasper, iron formation, quartz). (1) Manitou conglomerate, average of three 
(Thomson, 1933) (1A, 1B, 1C) individual analyses, (2) Manitou conglomerate, Lahay Bay (F.J.P.), 
(3) Abram conglomerate (Pettijohn, 1934), (4) Doré conglomerate (Collins, Quirke, and Thomson), 
(5) Slate Lake conglomerate, average of two (Bateman), (6) “Timiskaming” conglomerate (Cooke, 
James, and Mawdsley), (7) Ridout conglomerate (Emmons and Thomson). 


traced eastward into Quebec. The same is true of the pebbles of the 
Abram conglomerate as the latter is traced westward from Abram Lake 
to the Vermilion Lakes area. 

As shown by Table 4 and Figure 1, the Archean conglomerates from 
the several districts, excepting the Ridout conglomerate, have a fairly 
uniform composition. Though granite is perhaps the most conspicuous 
and most significant constituent, it is subordinate to the greenstone in 
number of pebbles present. The granite cobbles, however, are notably 
larger than those of the greenstone, and hence they form a larger propor- 
tion by volume than the table suggests. 
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Do the proportions of granite to greenstone stand in the same ratio 
as these two rocks did in the terrain from which the gravels came? Data 
are not sufficient to answer this question. The transport was so short 
and rapid that survival ability of the two types probably had little 
effect on the proportions of the two. We do not know, in any case, 


Taste 4.—Lithologic composition of Archean conglomerates* 


(Per cent by number) 


Granite; Jasper; 
Series Green- Felsite gneiss; j Quarts; chert; Mels Authority 
stone quartzite iron- 
porphyry formation 
(1) Manitou 38 bs 25 13 20 4 | Thomson 
(av. of 3) (1934, p. 14) 
(2) Manitou 41 9 24 1 25 av Pettijohn 
(3) Abram 50 21 18 7 ne 4 | Pettijohn 
(1934, p. 493) 
(4) Doré 57 4 25 13 1 | Coleman 
(1902, p. 163) 
(5) Slate Lake 38 28 21 4 6 3 | Bateman 
(av. of 2) a (1940, p. 9) 
(6) Destor 73 22 3 = ae Cooke, James 
Duparquet Mawdsley 
(1931, p. 61) 
(7) Ridout 22# 72 2 4 .. | Emmons and 
Thomson 
(1929, p. 9) 


*See Figure 1 for graphic presentation. 
# “Schist.” 


which type stands transport best. Another unknown is the block-pro- 
ducing ability of the two types. Does granite yield to granular disinte- 
gration more readily than block disintegration? It might then be repre- 
sented with a lesser frequency in the gravels than otherwise would be 
the case. In the present-day Archean outcrop in the Canadian Shield, 
granite is areally more extensive than all other formations combined. 
But in the Archean, in the positive eroded areas, granite probably formed 
a lesser, though considerable, proportion of the exposures. Post-Archean 
intrusions and deep erosion have increased the granite areas. 

The granites of the region in which the conglomerates are found are 
subjacent intrusive masses rather than a basement upon which the gravels 
were deposited. Almost all published maps show only “Algoman” gran- 
ites. Where then are the vast “Laurentian” granitic masses which existed 
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at the time of sedimentation? Some have concluded that the later 
granites now occupy the same area as did the earlier masses and that 
these later granites may even have been formed by fusion of the earlier 
granites, or at least they arose and destroyed every vestige of the earlier 
batholiths. 


Taste 5.—Pre-conglomerate granites and porphyries 


_ Area Age of conglomerate | Nature of igneous rock Authority 
Saganaga Knife Lake Granite Nes (1903, p. 270) 
Gruner (1941, p. 1599-1600) 
Vermilion Lake | Knife Lake Quartz porphyry Clements (1903, p. 287-292) 
(Minn.) 
Lawson (1913, p. 54, 61-62) 
Shoal Lake Seine Granite \ Bruce (1925) 
(east) | Merritt (1934, p. 354) 
Steeprock Steeprock Granite; granite Moore (1940, p. 9) 
Lake gneiss 
Washebeimaga | Manitou Quartz porphyry Bertholf (1940) 
Lake 
Minnitaki Lake | Abram Quartz porphyry | Pettijohn (1937, p. 174, Pl. 9) 
Vermilion Lake, | Abram Quartz porphyry | Pettijohn (1935, p. 1897) 
Ontario 
Michipicoten Doré Granite; granite eo Quirke, Thomson 
porphyry; gran- (1926, p. 24-25) 


ite gneiss 
Rouyn, Quebec | “Timiskaming” | Feldspar porphyry | Cooke, James, Mawdsley, 
(1931, p. 62-68) 


In many areas, however, no sediments are in contact with the granites, 
and as yet no evidence of the age of these bodies has been produced. 
Yet many workers—J. E. Thomson, for example (1936)—have concluded 
that at no place is there any very definite evidence of the earlier Lau- 
rential granite. Such a conclusion, however, is scarcely justified since 
there are numerous places where granite or granite porphyries are over- 
lain unconformably by the conglomerates. (See Table 5.) 

The composition of the conglomerates, in which granite is the most 
conspicuous and in some places the most abundant constituent, leads 
us to conclude that granite was fully as widely exposed as was the Kee- 
watin greenstone complex in Archean time. If so, it would be singular in- 
deed if these early granites had not survived orogeny and erosion as well 
as have the associated Keewatin rocks. Accordingly we should expect to 
find them now as extensive areally as the Keewatin itself. Most prob- 
ably they are widespread but unrecognized. 
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The basal conglomerate is most likely to reflect the nature of the sub- 
jacent formation and to be most angular. The higher conglomerate mem- 
bers consist of far-traveled debris and are therefore more alike in com- 
position and better rounded. Locally the conglomerate is composed 
solely of debris from the underlying formation. When the latter is a 
granite or a quartz porphyry, the exact contact of the sediment and the 
older igneous rocks is difficult to locate. The material at the very base 
of the sedimentary formation is essentially a ‘“recomposed” granite or 
porphyry. The arkose, a product of granular disintegration of the igneous 
rock, is little reworked, is unsorted or unworn, and is not stratified. 
Thorough cementation of this material yields a rock distinguished with 
difficulty from the true granite or porphyry (PI. 12, figs. 1, 2). The 
true nature of this material has not always been recognized and has led 
some geologists to misinterpret the relations of the sediments to the 
granite, to believe the latter intrusive, and to interpret the sediment as 
granitized. The famous contact of the Ogishke conglomerate and the 
Saganaga granite at Cache Bay of Saganaga Lake and the contact of 
the Seine conglomerate and the granite on Shoal Lake (east) have occa- 
sioned much debate. Some geologists still interpret the igneous rock as 
intrusive though the weight of opinion and evidence is otherwise. Simi- 
lar relations exist between the quartz porphyry and the conglomerate 
on Stuntz Bay of Vermilion Lake near Tower, Minnesota, between a 
similar porphyry and the conglomerates of East Bay on Minnitaki Lake, 
Ontario, and between a quartz porphyry and the Ament Bay arkosites 
and conglomerates of the Vermilion lakes area near Sioux Lookout. The 
latter two porphyries had been mapped as intrusive by the Ontario 
Department of Mines, as has the quartz porphyry of Washebeimaga 
lake now known to be older than the conglomerates of the Manitou 
series. A similar relation to a reddish feldspar porphyry intrusive into 
the greenstones is described in the Rouyn area. Perhaps the contact 
between the Doré conglomerate and some granite near Michipicoten is 
of the same type. Careful study of other granite-conglomerate contacts 
will probably disclose other examples where granites and quartz por- 
phyries are unconformably overlain by the conglomerates but separated 
from them by “recomposed materials’—essentially fossil mantle rock or 
granitic “wash.” Table 5 summarizes the intrusives known to be older 
than the conglomerate with which they are in contact. 

Interesting and significant are the reported occurrences of slate boul- 
ders and angular slate fragments and chips in the conglomerates. A 
striking example is well exposed on islands in East Bay of Minnitaki 
Lake (PI. 6, fig. 1). These irregular and angular masses of varved slate 
record a contemporary channeling and erosion of the slate formation by 
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currents responsible for the transportation of the gravels. The slate is 
about the same age as the gravels and is not derived from any greatly 
older formation. A similar channeling of penecontemporaneous slates 
and cherts is recorded in the Franciscan conglomerates (Davis, 1918, 
p. 37, Pl. 2A). The same feature is recorded on a small scale in the 
graywacke beds where many small chips of slate appear in the lowest 
few inches of the heavy graywacke beds. 


Conditions of deposition and source of gravels.—The well-worn char- 
acter of the fragments, the sorting and stratification of arkosic interbeds, 
and the imbricate structure of the gravels leave no doubt that the true 
conglomerates are water-deposited. The conglomerates all have a well- 
washed and sorted matrix. None have any of the characteristics of 
glacial till, and tillite has probably never been found in the pre-Huronian 
in spite of association with varvelike slates (Eskola, 1932, p. 35; Collins, 
Quirke and Thomson, 1931, p. 22; Bateman, 1940, p. 10-11). 

Field studies have shown that some of the conglomerates have re- 
markable persistence along the strike. Moore (1929, p. 61) says that 
the Savant conglomerate can be followed 56 miles. The Abram con- 
glomerate of Abram Lake crops out continuously along a 24-mile stretch. 
Merritt has mapped a 30-mile long belt of conglomerate in the Seine 
River area. A conglomerate belt of about the same length is shown on 
Map No. 328A of the Geological Survey of Canada which is said to 
begin in Teck Township of Ontario and extend without break (except 
for concealment by the Cobalt series near the Quebec-Ontario boundary) 
to Cadillac Township in Quebec. 

In contrast to the continuity parallel to the strike is the nonpersistence 
in the dip direction. Lawson’s (1913) map of the Rainy Lake district 
shows a belt of Seine conglomerate nearly half a mile thick north of 
Shoal Lake in the vicinity of the Golden Star Mine. On the south shore 
of Shoal Lake the Seine “quartzites” are in contact with the Keewatin 
greenstones with no conglomerate between. Hence in a distance of about 
3 miles across the strike the conglomerate has thinned from near 2500 
feet to nothing. 

A still clearer example is described by Bruce (1937, p. 18) from the 
Windigokan Lake area. In Walters and Leduc townships, Bruce has 
mapped and described three east-west belts of Windigokan sediments 
separated by greenstone bands. The northern band, the Paint Lake band, 
is all conglomerate. Of the others Bruce says, 


“The Beatty Lake band has a thick conglomerate along the north side and one 
apparently somewhat thinner along the south side. Little conglomerate has been 
observed along the north side of the southern band. If there has been no extensive 
faulting, the conglomerate horizon thinned out completely before the locus of 
deposition of the Oxaline lake greywacke was reached by the transported sediments. 
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Ficure 1. Biock oF BANDED SLATE IN ARCHEAN CONGLOMERATE 


East Bay, Minnitaki Lake, Ontario. The block is interpreted as a mass of clay, intra- 

formational in origin, deposited in rapidly accumulating sand in manner analogous to 

that responsible for formation of till balls in glacial outwash. Matrix is “recomposed 
quartz porphyry.” Note smaller slate and graywacke fragments. 


Ficure 2. BANDED SILTSTONE AND SLATE 


Abram series, Minnitaki Lake, Ontario. Varving less regular in this outcrop than in that 
shown in Figure 2, Plate 8, owing to intercalation of thicker siltstone layers. 
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Ficure 1. PLersroceNne GLaciAL OuTwASH CONGLOMERATE 
Mainly limestone pebbles cemented by calcite. Length of specimen about 6 inches. 


Ficure 2. ARCHEAN CONGLOMERATE 


Timiskaming series, Kirkland Lake, Ontario. Granite and greenstone pebbles cemented by dark- 
green graywacke. Length of specimen about 6 inches. 


CONGLOMERATE SPECIMENS 
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Thus the source of the debris was to the north. It must be recognized however, 
that the distance in which the conglomerate lens thins from a thickness of at least 
several hundred feet till it vanishes was originally much greater than the apparent 
distance on the present surface, since the sediments are folded into a great syncline, 
the depth of which is unknown.” 


These relations, together with the great thickness of the deposits, indi- 
cate that the gravels are wedge-shaped basin-margin accumulations. It 
is impossible to interpret them as a once-continuous uniformly thick 
stratum now isolated by downfolding and erosion. They have no lateral 
persistence except along the strike which means that the present outcrops 
nearly coincide with the margins of the original basins of deposition. The 
conglomerates thus mark the limits of sedimentation in Archean time 
and give more promise of reconstruction of the paleogeography of this 
ancient time than might be expected. Inspection of Plate 1 shows that 
the major belts of sediments traceable across the Shield are in part 
fringed with conglomerates and that the present boundaries of these 
belts are, therefore, nearly the original limits. 

R. T. Chamberlin (1937), from a study of existing maps and reports, 
suggested a southerly source for the Timiskaming-like sediments. He 
accepted Leith’s designation of Laurentian for all the older granite 
south of Lake Superior and postulated, therefore, erosion of a Laurentian 
highland, which provided the detritus that filled a Timiskaming geosyn- 
cline north of Lake Superior. Since Chamberlin’s hypothesis is based 
on a doubtful correlation of granitic intrusions, it rests on a very slender 
foundation. Any concept of a single common source and a single epoch 
of sedimentation for the whole Archean does not square with the distri- 
bution of the granite-pebble bearing conglomerates. The latter can only 
be interpreted as Bruce interprets those of Windigokan Lake and vicinity, 
as a piedmont facies of local derivation. They must lie near the bound- 
ary between areas of erosion and sedimentation in Archean time. Their 
distribution, therefore, precludes both a distant and a common source 
for all the Timiskaming-like deposits. These data are compatible only 
with the postulate of several geosynclinal tracts. Whether these struc- 
tures were coexistent or whether they appeared in sequence is not known 
though the principle of shifting orogenic belts suggests the latter as the 


most probable. 
GRAYWACKE 


Definition —Graywacke forms the great bulk of the Archean sedimen- 
tary record. The term “graywacke” has been ambiguously defined and 
has of late years been defined in a manner contradictory to prevailing 
usage. Twenhofel (1939, p. 289), for example, says 


“graywacke is defined as the basic equivalent of an arkose and is composed of little- 
decomposed particles derived from basic igneous rocks and their metamorphic 
equivalents, thus having a large content of ferromagnesian minerals.” 
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This definition does not fit any of the many graywackes described by 
field workers for the past 150 years. 

Graywacke was first applied to certain rocks in the Harz Mountains. 
It was also early applied to the Ordovician and Silurian sandstones of 
the Southern Uplands of Scotland. As early as 1808, Robert Jameson 
(quoted by Bailey, 1930, p. 87) described the graywackes asa“. . . kind 
of sandstone . . . composed of grains of sand, which are of various sizes 

connected together by a basis of clay-slate, and hence this rock 
derives its gray color and solidity.” 
Naumann (1858, p. 663) described graywacke as 
“Eckige oder abgerundete K6rner von Quartz und kleine Brocken von Kieselschiefer, 
Thonschiefer und anderen Gesteinen, zu welchen sich bisweilen auch Feldspath- 
k6érner gesellen, sind durch ein Bindemittel verkittet, welches wesentlich aus Thon 
und Kieselerde besteht. Die Impriaignation des Cimentes mit Kieselerde verleiht 


dem Gesteine oft eine grosse Festigkeit und bedeutende Hirte. Seine Farben sind 
meist grau, besonders gelblichgrau, griinlichgrau, blaulich-grau und rauchgrau.” 


Geikie (1885, p. 162) defines graywacke as 


“a compact aggregate of rounded or subangular grains of quartz, feldspar, slate, or 
other minerals or rocks, cemented by a paste . . . gray, as its name denotes, is the 
prevailing color . The rock is distinguished ‘from ordinary sandstone by its 
darker hue, its hardness, the variety of its component grains, and above all, by the 
compact cement in which the grains are embedded.” 


Irving and Van Hise (1892) say that 


“The graywackes have always as chief constituents fragmental quartz and feldspar. 
The strength of the rock is usually given by ‘siliceous paste’... There is also 
found in all of these graywackes, abundant chlorite or mica, or both ... In im- 
portance these minerals are secondary only to quartz and feldspar.” 


Bayley (1898, p. 84) states: 


“. .. The graywacke differs from the sandstones in composition. Whereas the latter 
consist essentially of quartz grains (or of quartz and feldspars as in the case of the 
arkoses) cemented by quartzitic, calcareous or other cement simple in composition, 
the graywackes contain grains of many different minerals and small fragments of 
rocks, united by a cement of the composition of many slates.” 


Bruce (1937) notes that 


“graywacke is a massive . . . grey granular rock, weathering greenish-grey . 
(which) . . . under the microscope shows a clearly fragmental character. Most of 
the fragments are irregular and subangular. The larger ones are quartz; plagioclase 
is also present ... The matrix is composed of small grains of quartz and feldspar 
along with calcite and foils of sericite . . . Chlorite occurs in lenses and gives the 
dark colour to the rock.” 


Atwater (1938) studied the graywacke of the Tyler formation of the 
Gogebic iron-bearing district and found it to be 


“ ..a rock composed of clastic grains of quartz, feldspar, mica, slate, argillite 
and phyllite, cemented by a matrix that is dominantly composed of chlorite, or a 
mixture of chlorite and mica, together with interstitial quartz and authigenic 
feldspar.” 


; 
| 
| 
‘ 
: 
‘ 
( 
] 
( 


ARCHEAN SEDIMENTS 943 


Krynine (1940), who studied the graywackes of the Devonian in eastern 
Pennsylvania, says 


“The average mineral composition is 60-65 per cent of individual quartz grains, 
1% per cent of feldspar, 30 per cent of rock fragments (quartzites, schists, phyllites, 
slates), 2 to 3 per cent of fairly large mica flakes . . . and from 5 to 10 per cent 
of finely divided biotite shreds; sericite flakes and clay minerals which can be Jumped 
together under the term of primary ‘clay paste’.” 

Krynine’s graywackes are exceptionally low in feldspar and differ in 


this particular from all other descriptions or specimens which the writer 
has seen. 


Petrography.—The graywackes of the Timiskaming and other Archean 
series tally in all essential details with their later counterparts. The 
hand specimens are gray to black on fresh fracture. Scattered small 
vitreous detrital quartz grains are evident to the unaided eye. Under 
the microscope the rock is marked by sharp angular sliverlike quartz 
and feldspar set in a “paste,’”’ which in many instances equals or exceeds 
the volume of the larger detrital grains, consisting mainly of a micro- 
crystalline aggregate of quartz, feldspar, chlorite, and sericite. Present 
also are rock fragments, in some cases very abundant, mainly chert, 
slate, or phyllite. Minor constituents include a carbonate, which re- 
places in part the matrix, and pyrite. Sheared graywackes are marked 
by the alignment of the folia of the sericite and chlorite which imparts 
a rude schistosity to the rock. Many Archean graywackes are massive 
and devoid of secondary foliation. Most striking features are the dark 
color of the fresh rock, the preponderance of matrix in many specimens, 
and the extreme angularity of the quartz and feldspar. The term micro- 
breccia is most appropriate. (See Plate 11.) 

Some arkosic beds are associated with the Archean conglomerates. The 
arkose, however, is not the typical arenite of Archean terrains. Most 
of the “arkoses,” “arkosic quartzites,’ “gray arkoses,” and “impure ar- 
koses” or “impure quartzites” are true graywackes. Genuine arkose dif- 
fers from graywacke in the absence of the pastelike cement and hence 
has a more uniform size of grain. The arkose is moreover lighter in 
color, is usually pink or reddish, and is usually of coarser grain. 

The relations between arkose and graywacke and also true quartzite 
is best shown graphically (Fig. 2; Plate 11). The proportions of quartz, 
feldspar, and “primary matrix” or “paste” summarizes the essential 
mineralogical differences between the principal noncalcareous arenites. As 
can be seen the chief mineralogic difference between the graywacke and 
the other arenites is the primary matrix which may equal or exceed 
the other constituents. This material is interpreted as originally argil- 
laceous, whereas normally the arkoses and the sedimentary quartzites 
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have a mineral cement—a secondary infiltration product. The gray- 
wackes are in effect muddy sandstones. Yet the term “muddy sand- 
stone” is an inadequate description of the rock since other definitive 
characteristics are not implied in such a name. In summary, then, 
Intergranular 
detritus <.o2um. 


Granular components >.o2 mm. 
Ficure 2—Mineral composition of noncalcareous arenites 

F, feldspar; Q, quartz. Intergranular detritus is mainly authigenic chlorite with little authigenic 
ankerite and sericite with some detrital or authigenic quartz and feldspar. Precipitated mineral 
cements excluded. Only detrital constituents or authigenic derivatives shown. Size of triangle denotes 
proportion of other detrital materials, chiefly rock fragments (including chert). 

(1) Potsdam (Cambrian) orthoquartzite, (2) Ajibik (Huronian) quartzite, (3) Serpent feldspathic 
quartzite (Huronian), (4) Portland arkose (Triassic), (5) Graywacke (Late Paleozoic) from Saxony, 
(6) Ladock graywacke (Devonian) from Cornwall, (7) Hurley graywacke (Huronian), (8) Feldspathic 
graywacke (Archean), (9) Manitou graywacke (Archean), (10) Graywacke (Archean), 11 Gowganda til- 
lite (Huronian). 
graywacke connotes a type of sandstone marked by (1) large detrital 
quartz and feldspar (“phenocrysts”) set in a (2) prominent to dominant 
“clay” matrix (and hence absence of infiltration or mineral cement) 
which may on low-grade metamorphism (diagenesis) be converted to 
chlorite and sericite and partially replaced by carbonate, (3) a dark 
color, (4) generally tough and well indurated, (5) extreme angularity of 
the detrital components (microbreccia), (6) presence in smaller or larger 


quantities of rock fragments, mainly chert, quartzite, slate, or phyllite, 
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and (7) certain macroscopic structures (graded bedding, intraformational 
conglomerates of shale or slate chips, slip bedding, ete.) and (8) certain 
rock associations. 


Chemical composition—The writer was able to find but six published 
analyses of Archean graywackes. Chemical analyses of graywacke and 
arkose of any age are very uncommon and incomplete (Table 7). 

Graywacke is lower in silica than the average sandstone, and much 
of that present is combined in silicates. Alumina is high, as are lime, 
soda, and potash which occur, for the most part, in the detrital feldspars. 
In these respects graywackes differ in no way from arkose. They do 
differ, however, in their high magnesia and iron-oxide content. As noted 
by Leith and Mead (1915, p. 101) these constituents form “fine-grained 
hydrous aluminous silicates of iron and magnesia of the chlorite type.” 
This is the distinguishing chemical feature of graywacke. These con- 
stituents were present in the muddy interstitial paste in the original sedi- 
ment as amorphous hydroxides of iron and alumina which during diagen- 
esis and burial reacted with magnesium carbonate to yield the observed 
chlorite. The composition of a graywacke can be approximated by aver- 
aging about two parts shale and one part arkose. The result differs from 
normal graywacke in that potash is greater than soda instead of the 
reverse. This difference is significant in that it means that graywacke 
is not only (1) the product of incomplete sorting but also (2) the product 
of incomplete weathering. It is therefore not just a shaly sandstone. 

As may be seen from Table 7, the Archean graywackes conform to 
the type as given by Tyrrell’s average but also resemble very closely 
the average of three Franciscan “sandstones.” Of the latter Taliaferro 
(1943) notes that the composition closely approaches that of a grano- 
diorite. This fact, together with the angularity of grain, a quartz-feld- 
spar ratio of 2:3 and 3:2, the predominance of an acid plagioclase, 
and the freshness of the feldspars led to the conclusion that mechanical 
disintegration predominated over chemical decomposition in the area 
from which the detritus was derived. These arguments apply with equal 
force, and for the same reasons, to the Archean graywackes. 

Noteworthy also is the close resemblance in composition to the matrix 
of the Gowganda boulder conglomerate of Huronian age. Since most 
workers agree this deposit is a tillite, the matrix, therefore, like modern 
till, is the product of the glacial mill and not chemical decay. This 
further supports the view that the Archean graywacke is not a product 
of normal chemical decomposition. 

Two minor features of the graywackes and their associated slates 
deserve special mention: the pyrite and the carbon content of these beds. 
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The pyrite is scattered throughout the graywackes and the slates. In 
general it occurs in the graywackes as large euhedral cubes or as iron- 
stained cavities produced by the weathering out of the crystals. They 
are commonly concentrated in certain layers or along the bedding plane. 
In the black slates the pyrite is also cubic, but the cubes are smaller 
though perhaps more abundant. The relation between the size of the 
erystals and the grain size of the matrix suggests a primary sedimentary 
origin. The permeability of the sediment governed the migration ability 
of the amorphous iron sulfide deposited concurrently with the sediment. 
The more permeable sandy beds permitted the growth of a few large 
scattered cubes while the less permeable slates produced the smaller 
more abundant crystals. The higher carbon content of the black slates 
-and the greater abundance of pyrite in these beds suggest that the two 
have a common origin. 

Krynine (1940, p. 5) regarded the pyrite of the Bradford graywacke 
as primary—the product of the earliest or penecontemporaneous diagen- 
esis. The sulfate-reducing bacteria were thought to have attacked the 
sulfate dissolved in the water between the clay particles forming sulfides. 
These in turn react with carbon dioxide to form carbonates, and in this 
way calcium, and possibly magnesium, carbonates are precipitated in 
the pore space of the mud. 

If such is the origin of the pyrite and the carbonates of the Archean 
graywackes, strong evidence is presented for a marine origin and for 
the presence of bacterial forms of life. 

The carbon (now graphite) further supports the view of organic ac- 
tivity. Not all occurrences of graphite are primary sedimentary origin, 
but the distribution of the graphite in the Archean sediments—.e., greater 
concentration in the finest slates, the intimate association with pyrite, 
and the widespread occurrence—suggests a sedimentary genesis. Eskola 
attributes an organic origin to the carbon in the Bothnian of Finland. 
There is no good reason why the carbon-bearing slates and graywackes 
of the Canadian Shield should not be interpreted likewise. The carbon 
content of such analyzed phyllites and graywackes (Table 8) is compa- 
rable to that of later sediments. Trask regards 1 per cent carbon as 
the normal content for the average marine sediment. If the carbo- 
naceous residue is a rough quantitative measure of life, the Archean 
seas supported as large a population as later seas, though the forms 
present may have been simple in structure and monotonous in kind. 


Taste 8.—Carbon content of Archean sediments 


Dark portion of varved phyllite (Finland) 0.31 Eskola (1932) 
Slate, Knife Lake, Minnesota 1.70* Grout (1933) 
Graywacke, Knife Lake, Minnesota 1.92*# Grout (1933) 


# = “organic matter.” 
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Ficure 1. PLEIstocENE VARVED CLAy 


Five-year layers represented. Darker bands are clay; laminated and thicker lighter layers are silt. 
Length of specimen about 2% inches. Near Baraboo, Wisconsin. 


Ficure 2. ARnCcHEAN VARVED SLATE 


Three and a half year layers present. Darker bands are slate; laminated and thicker li eo layers 
ntario. 


are siltstone. Length of specimen about 5 inches. Abram series, Minnitaki Lake, 


VARVE SPECIMENS 
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The universally gray color of the graywackes is apparently due pri- 
marily to the disseminated graphitic material. The manner of origin 
of both this material and the pyrite demands reducing conditions. This 
precludes most terrestrial environments and indicates accumulation below 
the zone of oxidation. A marine origin fulfills the requirements. Though 
pyrite is nearly always reported as a minor constituent of graywacke, 
only rarely is any discussion of its mode of occurrence and probable 
formation given. Exception to this rule is Woodland’s (1938) discus- 
sion of the pyrite of the Harlech grits (Cambrian) of Wales. 


Graded bedding and other structures—In the outcrop the graywacke 
may be massive without a trace of bedding. Such outcrops marked also 
by their dark color are deceiving and are often taken for an igneous 
rock by the novice. The thinner-bedded graywackes, particularly those 
associated with slate, show in many places what has been called graded 
bedding. The graded beds are sedimentation units marked by a grada- 
tion in grain size from coarse to fine upward from the base to the top 
of the unit. The individual units may be quite thin, 4 to 5 to the inch, 
or even thinner, though they are usually several inches to a foot or two 
thick. They are characterized by a tendency to occur in long sequences. 
The thin graded beds have an appearance strongly suggesting the varve 
structure of the late Pleistocene lacustrine clays (Pls. 8, 9). Sederholm 
(1897) noted the resemblance and even suggested a seasonal origin for 
the structure. These graded beds, in common with the varved clays, are 
marked by (1) bipartite structure—.e., a coarser, lighter-colored siltstone 
grading abruptly into darker fine-grained slate, (2) occurrence in long 
sequences in which the thickness of the individual couplets varies be- 
tween certain limits and which (3) variations in thickness are almost 
wholly due to fluctuations in the thickness of the coarser (“summer’’) 
siltstone layer, and (4) “contemporaneous deformation” of the secondary 
laminae of some of the thicker layers. 

The much thicker graded beds, “megavarves,” are similar in most 
particulars excepting that the thicker character is associated with a 
coarser grain and a dominance of the graywacke member of the couplet. 
The graywacke portion grades upward into slate, and the two are asso- 
ciated in a ratio of 5: 1 and 10: 1. 

Graded bedding is common in virtually all Timiskaming-like series. 
It has proved of great aid in determining the order of superposition in 
isoclinally folded sequences and hence is nearly always mentioned in 
the more recent reports. Collins (1936), for example, in his description 
of the McKim graywacke of the Sudbury series, notes “. . . regular lay- 
ers, from half an inch to 2 or even 3 inches thick, that notably resemble 
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varved glacial lake clays”; Laird (1935) in his description of the Ridout 
series of the Makwa-Churchill area says “. . . alternate arrangement of 
light- and dark-colored materials, as in varved clays, which they 
strongly resemble”; Gunning (1937, p. 25) in his recent report on the 
Cadillac area in western Quebec reports “. . . often thinly laminated 
and, if it may be assumed that some of these laminations are due to 


TaBLe 9—Measurements of graded beds 


Thickness (inches) 
Place Age me. Standard 
measured deviation ge 
Average | Maximum) Minimum 
East Bay, Archean 44 20.2 50 5 10.8 54% 
Minnitaki Lake 
East Bay, Archean 21 15.2 39 4 10.6 73% 
Minnitaki Lake 
Southwest Bay, | Archean 34. | 9.9 25? 4 5.1 51% 
Minnitaki Lake 
Southwest Bay, | Archean 22 12.1 28.5 4 5.9 49% 
Minnitaki Lake 
Southwest Bay, | Archean 10 13.9 19.5 
Minnitaki Lake 
Patagonia* Pleisto- 140 15.2 66 4 7.0 46% 
cene 


* Measurements from diagram published by Caldenius (1932, p. 23). Two ‘“‘catastrophic’ (drainage) 
varves omitted. 


seasonal deposition, by the coarser grains which form the bottom of a 
bed. . . .” Graded bedding in the Bothnian was early described by 
Sederholm (1897), later by Eskola (1932, p. 9-19), and interpreted as 
seasonal. Sundius (1923) in a description of the Archean of central 
Sweden notes “varve-structure” in the graywackes and slates of these 
rocks, varying from 2 to 50 decimeters thick. Graded beds of like 
thickness were seen by the writer in the Timiskaming-like beds of the 
Abram series on Minnitaki Lake (Pettijohn, 1936). A few of the better 
exposed sequences were measured (Table 9). 

As Bailey has pointed out, graded bedding is not exclusively an Archean 
feature since it is well displayed by younger rocks. Bailey has, for 
example, cited its occurrence in 


the younger Dalradian (probably late-pre-Cambrian), Cambrian, Ordovician, 
and Silurian of Scotland, Ireland, and Wales within the compass of the Caledonian 
geosyncline .. . it characterizes some of the Carboniferous of the Amorican geo- 
syncline of the Devon peninsula and .. . the Tertiary Flysch of the Alpine geosyn- 


cline.” 
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It has also been mentioned by Espenshade (1937) in the Badger Bay 
series (Ordovician) of Newfoundland. This occurrence is described as 


“ .. graded bedding, fine conglomerate or coarse sandstone passing into finer- 

grained sandstone through an interval of several feet. This rhythmical or cyclical 

bedding occurs in the sandstones, shales and graywackes throughout the Badger Bay 


series... .” 
The origin and significance of the structure is not fully understood. 
Bailey, most conversant with the feature, notes that 


“current bedding and graded bedding are the distinguishing marks of two different 
sandstone facies. Current-bedded sandstones are obviously the products of bottom 
currents. Graded-bedded sandstones are the products of settling through com- 
paratively still bottom-water, which allows sand and mud to accumulate in one 
and the same locality, though with a lag on the part of the mud determined by its 
finer texture . . . Thus current-bedded sandstones belong to relative shallow water 
(or to the air), and graded-bedded sandstones belong to relatively deep water.” 
Observations in the Archean support, in the main, Bailey’s thesis that 
graded bedding and current bedding are the distinguishing marks of two 
facies of sedimentation. They are usually mutually exclusive, though 
as Bailey noted “sometimes there is an admixture of type, even in one 
and the same bed”; when such is the case the cross-bedding is on a 
small scale and confined to a single thin layer. 

Current or cross-bedding is notably rare in the Archean sedimentary 
rocks. Gunning (1937, p. 25), for example, in his report on the Cadillac 
area notes that “no distinct cross-bedding has been found.” Cooke, 


James, and Mawdsley (1931, p. 71) noted some cross-bedding in the 
graywacke interbedded with the conglomerates but note that in the great 
mass of the graywacke “cross-bedding, so far as observed, is entirely 
absent.” Merritt (1934, p. 365) notes that cross-bedding has been 
observed in the Seine (and ‘“Coutchiching’’), but “its occurrence is rare,” 
whereas “gradations in grain in successive beds of a stratigraphic series 
are common over a large part of the area studied.” He elsewhere (p. 347) 


” 


notes that “the two structures . . . rarely occur in the same locality. . . 
Bateman (1940, p. 20) says ‘“‘no instances of cross-bedding were observed 
in any of the sediments. . . .” Many writers use graded bedding 
as evidence of the order of superposition but do not mention cross- 
bedding. The latter must be presumed to be rare or absent. In 
this respect the Archean resembles the Franciscan which is marked by an 
absence of cross-bedding and also of ripple mark (Davis, 1918, p. 38-39). 
Even-bedding and alternation with black shale, are, however, reported 
from the Franciscan. (See Taliaferro, 1943, Pl. IV B.) 

Rarer still is ripple mark. The writer knows of but two places where 
ripple marks in the Canadian Archean have been reported. He has 
never seen any ripple mark in the field. The contrast between the 
Archean and the Huronian is rather striking in this respect. 
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Several explanations for the varvelike structure have been proposed. 
Bailey ascribed the structure to submarine earthquakes which served 
as “intermittent distributors of sand and mud.” The deposits of sand 
and mud which formed unstable accumulations on the border of the 
geosyncline are periodically dislodged by submarine temblors and thrown 
into suspension to settle out with the graded internal structure. Slip 
bedding, a product of subaqueous slumping, is produced by the same 
means and is associated with the graded beds. 

The close resemblance of the thinner graded beds to the glacial lake 
varves, noted above, led to the view that a seasonal influx of sediment 
controlled by glacial melting was responsible for the graded structure. 
Coleman (1926), for example, so interpreted a 123-foot section of banded 
graywacke of the Sudbury series which consisted of 867 varvelike beds. 
Others, Eskola (1932) in particular, note especially the greater thick- 
ness of the Archean varve sequence, the failure of the layers to show 
a diminution in thickness upward from the base, as do the glacial varves, 
due to ice recession, and the absence of tillites in the Archean, and 
hence have ruled out a glacial origin for the structure. Eskola (1932, 
p. 67), however, says “these Archean sediments exhibit such close simi- 
larities to analogous Pleistocene sediments that similar conditions of 
origin, 7.e., weathering and deposition in temperate or cold climates must 
be inferred.” The writer reached a similar conclusion for the varved 
slates of Minnitaki Lake. 

Korn (1938), who studied the graded bedding of the Devonian of 
Westphalia, assigned some of the structures to seasonal origin and some 
to the longer sunspot cycle. The latter were termed solar-schictung and 
were superficially very much like the ordinary graded beds. Close 
inspection, however, revealed faint sublaminations which were thought 
to be annual. A count of these showed an average of about 11 or 12 
as required by the sunspot cycle. The intrastratal laminations seen in 
a few of the Archean graded beds are neither regular enough nor of the 
right number to be similarly interpreted. 

Sundius (1923) regarded yearly climatic change as an unlikely cause 
of the megavarve structure—the beds were not sufficiently uniform. 
Moreover, the structure was not found in the entire graywacke zone, 
nor is it even characteristic of the greater part of this horizon or of the 
slates where it is most likely to be present. He attributed the structure 
to local conditions, perhaps near the mouth of a stream in the basin 
of deposition. Shifting currents were thought to be responsible for the 
structure as well as for the associated cut-and-fill structures. 

The main objection to an annual origin seems to be the thickness of 
some of the graded beds. Few hesitate to admit as possible a seasonal 
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control of the thinner couplets. The megavarves, however, are many 
inches thick. Long sequences of varves of such thickness imply very 
rapid deposition. That such a rate is not impossible, however, is shown 
by some measured Pleistocene varved sediments such as those described 
by Caldenius in Patagonia. Over 100 feet of lake beds accumulated 
at an average rate of 15.2 inches per year which is not greatly different 
from the 13.8 inches per year implied if the Minnitaki megavarves are 
truly annual. Some of the graded graywacke beds ascribed to an annual 
period by Korn are likewise of the same order of thickness. That an 
accumulation of 15 inches per year is not impossible is further shown 
by some Pennsylvanian beds. Tree trunks as much as 8 feet in length 
have been observed in a vertical or upright position. It seems unlikely 
that wood subaerially exposed would last many years. Assuming an 
annual period for all measured Archean graded beds, the rate of sedimen- 
tation implied is given in Table 10 together with estimated rates of sedi- 
mentation for other sediments for which some quantitative data exist. 


The diadactic structure of the graded beds has been cited as evidence 
of a fresh-water environment (Collins, 1936, p. 1686). Salt water is 
supposed to flocculate the muds and produce a structureless deposit. 
This is a doubtful concept. The microscope reveals a singular amount of 
mud interstitial to the coarse sand grains. As noted above this primary 
clay matrix may equal or exceed the sand components. The simul- 
taneous deposition of clay and sand revealed so clearly in thin section 
is perhaps itself evidence of brackish- or salt-water deposition. The 
microstructure of the Harlech grits in the Welsh Cambrian is essentially 
that of a graywacke. Of these Woodland (1938) says 
“That the two components were laid down contemporaneously is obvious from their 
closely intermixed relations; it is also clear that they belong to two different phases. 
There was little or no separation of the two phases by the ordinary means of 
grading under gravity or by lateral transportation ... If, then, the fine-grained 
matrix represents a phase different from that of the ordinary detrital materials, that 
phase being fine-grained, must be one of colloidal suspension. It is postulated, 
therefore that the matrix of these grits represents a colloidal suspension of clayey 
aluminous and siliceous materials, which were subjected to constant flocculation, so 
becoming a constant component of all rocks of this group... . Since it forms upward 


of 50 per cent of even the coarse grits it follows that accumulation of the materials 
by flocculation must have taken place very rapidly.” 


Salt water may well have been the precipitating agent. The finer 
portions of the graded bedding simply records the absence of the coarse 
detrital phase. 

Folds produced by contemporaneous deformation of the strata have 
been reported from some Archean sections. The writer (1936) has 
described such deformation in the varved slates of Minnitaki Lake. 
He has observed similar structures in the Manitou series south of Mosher 
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Bay. Such structure, known as “slip-bedding” or “hassock-structure” 
abounds in the lower Paleozoic sections of northern Wales where it has 
been attributed to subaqueous slumping or gliding. Such is probably 
the case also in the Archean examples. Rapid accumulations of enormous 
thicknesses of muddy grits provide an instability which leads to such 
sliding under gravitative pull alone. 


Tas_e 10.—Rates of sedimentation 


Range Average 


Source of data 
em/year cem/year 


Locality Rock type 


Lower Westphalia | Slate j H. Korn 
Carboniferous ; 
Lower Westphalia | Sandstone 15 ‘ K. Horn 
Carboniferous 
Lower Westphalia | Graywacke H. Korn 
Carboniferous 
Archean Ontario Laminated ; F. J. Pettijohn 
slates 
Archean Ontario Siltstone- 
slate 
Archean Ontario Graywacke 


F. J. Pettijohn 


F. J. Pettijohn 


woos 


A. P. Coleman 
(1926, p. 235) 
Measured from dia- 

grams of E. 

Antevs 
Pleistocene Patagonia Sand Measured from dia- 
(Lago ; grams of C. Cal- 
Epuyen) denius.  Thick- 
ness exception- 
ally great. 


Archean Ontario Graywacke 
slate 
Pleistocene Eastern Sand, silt, 
Canada clay 


tg 


Thin intraformational shale- or slate-pebble conglomerates are com- 
monly found at the base of the thicker graywacke beds. They are 
interpreted as evidence of contemporaneous erosion and record only a 
slight time break. These slate fragments are apparently similar to 
those reported from the Franciscan of California and described and 
figured by Davis (1918, p. 23) and to those of the Bradford (Devonian) 
graywacke of Pennsylvania (Krynine, 1940, Fig. 21). 


Associations —Graywacke is a petrographically distinct species of 
arenite which is known also by its associations. Tyrrell (1933) and 
Bailey (1936) have noted the close association of this rock type with 
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greenstones. The greenstones are, as Bailey says, ophiolitic igneous 
material, both extrusive and intrusive, serpentine, ophicalcite, spilite, 
diabase-porphyrite, variolite, and gabbro. Typical are the ellipsoidal 
greenstones. Until recent years the greenstone complex of the Canadian 
Shield has been regarded by most workers as “Keewatin,” and, because 
of the presence of greenstone debris in the Timiskaming and other 
Archean conglomerates, these were regarded as older and unconformably 
overlain by the younger sediments. That some pillowed extrusive green- 
stones are interbedded with sediments is now certainly established for 
almost every district. Perdue, for example, described a number of ellip- 
soidal greenstones interbedded with sediments in the Kashabowie region. 
Tanton (1936) has mapped younger greenstone in the Mine Centre area; 
interbedded pillow lavas are described by Pettijohn near Thunder Lake; 
Satterly regards much of the greenstone of this area interbedded with 
the sediments; they are described by Bateman (1940) near Uchi Lake; 
are reported by Bruce (1937, p. 16) in the western part of the Sturgeon 
River district; are also described by Cooke, James, and Mawdsley (1931, 
p. 59) near Rouyn, Quebec. Major interbedding is reported by Gunning 
(1937, p. 25) in the Cadillac district of western Quebec. Even where 
interbedded pillowed greenstones are not recognized, other evidence of 
contemporaneous voleanism such as tuffs and agglomerates are commonly 
cited. Such is the case in the Knife Lake district and in both the 
Vermilion lakes area and the Savant lake district. It is also true of 
the Mosher Bay region of Manitou Lake. No doubt much of the green- 
stone once called Keewatin will prove, as it has in the Upper Peninsula 
of Michigan, to be younger. 

The greenstone-graywacke association is established for many other 
periods. The pillowed greenstones of the Ordovician (?) of Newfound- 
land, the same rock types of the lower Paleozoic of Wales, the English 
lake district, and the southern highlands of Scotland, the Tertiary of the 
Alps, the lower Paleozoic of New England, the Jurassic of the Coast 
Ranges of California, the Triassic of Alaska, the early (?) Paleozoic 
of Australia, as well as the Middle and Upper Huronian of the Upper 
Peninsula of Michigan, are all associated with the graywacke suite of 
sediments. All these occurrences are along strongly deformed orogenic 
belts. Both Bailey and Tyrrell have emphasized this point and have 
regarded these rocks as orogenic sedimentary and igneous facies. 

In these places and in the Archean graywacke-greenstone terranes 
are intrusions of “diorite” and gabbro which in the Archean are termed 
“Haileyburian.” The prevalence of intrusions in the pillowed green- 
stones is attributed by Bailey to the submarine environment which causes 
the magma 


‘ 
; 
IS 
h 
a- 
a- 
n 
a 
d 
1) 
yf 
d 
h 


956 F. J. PETTIJOHN—ARCHEAN SEDIMENTATION 


“... to spread under a cover of already consolidated lava. Such a behaviour is 
but an exaggeration of the common practice of a lava, to flow through tunnels of its 
own consolidated substance, a phenomenon included under the title autointrusion . . , 
Plutonic rocks among the ophiolites often seem to have had surprisingly little cover 
—unless we remember that water formed a very important part of this cover .. . In 
general the ophiolites are greatly decomposed, exhibiting serpentinization, chloritiza- 
tion, epidotization, calcitization and albitization . 


Though Bailey’s description was not intended to apply to the Archean, 
students of that complex will recognize at once its fitness. 


Conditions of origin and deposition —Graywacke, like arkose, requires 
an environment in which erosion, transportation, and deposition are so 
rapid that complete chemical weathering of the materials does not take 
place. Arkose can form under humid tropical conditions as well as 
under conditions of aridity or Arctic climate (Barton, 1916; Krynine, 
1935). Very probably graywacke can form under similarly diverse 
climatic conditions. Krynine (1937) has described graywackes of the 
Siwalik series (late Tertiary) in northwestern India which he believed, 
on the basis of both lithologic and faunal evidence, originated under 
tropical conditions varying from savanna through prairie to steppe. 
Fischer (1933) also concluded from a study of the graywackes of Ger- 
many that they could form in several different climatic environments. 
Eskola (1932) has pointed out, however, that the lack of iron-oxide 
concretions suggests a nontropical climate for the Archean sediments 
of Finland. A similar conclusion might be drawn for the Canadian 
Archean deposits. Taliaferro (1948, p. 139) believed the Franciscan 
(Upper Jurassic) graywackes to have been derived “. . . from a high, 
rugged, recently uplifted landmass under rigorous climatic conditions, high 
rainfall, and possibly a cold climate in the highlands with well wooded 
lower slopes.” 

Since graywacke is not confined to the pre-Cambrian or even to the 
pre-Devonian, the absence of a plant cover does not seem to be a require- 
ment for its formation as was suggested by Kaiser (1931). The car- 
bonized wood fragments in the Franciscan graywackes demand a plant 
cover for at least part of the source area. 

Graywacke, however, indicates a special tectonic environment. It is, 
as Fischer noted, a “poured-in” type of sediment. Very rapid deposi- 
tion is implied by the muddy matrix indicative of the lack of sorting, 
the massive and nonstratified nature of the thicker beds, the lack of 
cross-bedding and ripple mark (which are evidences of reworking and 
sorting and are possible only if sedimentation is not too rapid), the 
graded bedding of some phases, each graded bed representing a single 
year’s deposit, and the extraordinary thickness of the sedimentary 
deposits characterized by graywackes. Table 11 gives the maximum 
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reported thickness of some Archean and later deposits characterized by 
a dominance of graywacke-type sandstones. 


SLATES 


No important body of true slate is known from the Archean. The 
absence of normal argillaceous materials has been noted by Collins, 
Quirke, and Thomson (1926, p. 22) and by Bateman (1940, p. 12). 
Leith and Mead (1915) conclude, on theoretical grounds, that shale 
should constitute 80 per cent of all sediment deposited. Where, then, 
are all the Archean shales? 

Some true slate does occur interbedded with the graywackes. So 
intimate is the interbedding that these Archean sediments are frequently 
referred to as “graywacke-slate.” Such interbedded slate, however, 
rarely forms more than 20 per cent of the total volume of the rock 
and is commonly less than 10 per cent. These slates have been ade- 
quately treated in the section on graywacke. 

True argillaceous deposits are lacking in part due to the incomplete- 
ness of the weathering. This is shown by the high feldspar content of 
the arenites. The chief reason, however, for the absence of any sig- 
nificant volume of true argillaceous sediment lies in the nature of gray- 
wacke. The argillacous component of graywacke commonly exceeds the 
arenaceous. Conditions of sedimentation were such that these com- 
ponents were not separated. As noted elsewhere two parts shale and one 
part arkose would yield a typical graywacke. It is not necessary, 
therefore, to appeal either to special climatic conditions or to an absence 
of plant cover to account for the scarcity of true slates or the apparent 
lack of argillaceous sediments. Conditions of deposition which precipi- 
tate the clay with the sand rather than conditions of weathering are 
mainly responsible. 

IRON-BEARING FORMATIONS 

Associated also with the Archean graywackes and contemporaneous 
greenstones are thin, lean, nonproductive iron-bearing formations, the 
origin of which has long been debated. These iron formations are for 
the most part characteristically crumpled and intricately folded, are 
“ . . Well-banded and consists of thin layers of red jasper alternating 
with steel-gray hematite, the whole being irregularly interbedded with 
dark slaty bands” (Laird, 1935, p. 77), or as “. . . typical iron forma- 
tion . . . with its purplish to brick-red layers of jasper and some of 
dense gray silica. . . . Metamorphism has produced complete recrys- 
tallization so that what is now magnetite, or specularite, may have been 
some other iron compound originally” (Gunning, 1937, p. 10). The 
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formations are lenticular and are rarely traceable more than a mile or 


two along the strike and are recurrent at various horizons. 
Such lean iron formation is known from every area of Timiskaming-like 
sediments, including the Cadillac area, the Woman River-Ridout dis- 


tricts, the Knife Lake area, the eastern Matawin and Block Creek dis- 


TaBLe 11.—Thickness of orogenic sediments* 


Series 


Age 


Locality 


Thickness 
(Feet) 


Reference 


Savant 
Slate Lake 


Knife Lake 


Abram 
Badger Bay 
Jambrian 
Ordovician 

Silurian 
Franciscan 


Archean 
Archean 


Archean 


Archean 
Ordovician 
Lower 
Paleozoic 


Upper 
Jurassic 


Savant Lake 
Uchi-Slate 
Lakes area 
Knife Lake 


Vermilion Lake 
Newfoundland 


Vales 


California 


25 ,000 


Rittenhouse (1936, p. 455) 
Bateman (1940, p. 12) 


Gruner (1941, p. 1624) 
Pettijohn (1935, p. 1895) 


Espenshade (1937, p. 8) 
Jones (1938, p. Ixxxvii) 


Taliaferro (1943, p. 185-186) 


*Important interbedded lavas and pyroclastics in some sections. 


tricts, the Sturgeon River area, the Eagle Lake-Wabigoon area, the Minni- 


taki-Abram lakes areas, the Lake St. Joseph and Savant Lakes region, 


the lower English River region, and the Slate Lake area and many other 


lesser districts. Always it is the same well-banded, lean iron-poor, 


crumpled siliceous (originally cherty) interbedded with graywacke, type 
of deposit. Its counterpart is found in the nonproductive (for the most 
part) iron-bearing formations of the Upper Huronian of upper Michigan. 


The productive cherty iron formations of the Middle Huronian are dif- 


ferent mainly in the absence of interbedded detrital materials (gray- 
wacke). In the later geologic times, the place of the cherty iron forma- 


tions is occupied by the bedded cherts, which like their pre-Cambrian 
predecessors are thin-bedded, locally crumpled, interbedded with shaly 


materials and associated with graywackes and greenstones, and in some 
cases are somewhat ferruginous. 


radiolarian cherts of south Wales. 


Almost certainly the origin of these Archean iron-bearing formations 
and rhythmically banded cherts of all later periods is the same. 


Such is the case with the Franciscan 
radiolarian cherts, the cherts of New South Wales, the Mesozoic 
radiolarian cherts of the Alps and the Apennines, the Carboniferous 


The 
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writer knows of no thick section of greenstones and graywackes without 
interbedded cherts. Caledonian of Great Britain, the lower Paleozoic 
of Newfoundland, the Franciscan of California, the Alpine Tertiary all 
exhibit these significant though minor precipitates. The Archean iron- 
bearing formations are essentially ferruginous cherts, and their origin 
is but a phase of the whole chert problem. To the extent that this problem 
is solved for the later times, it is solved for the Archean. 

The younger bedded cherts associated with the geosynclinal graywacke- 
greenstone complex contain Radiolaria which most certainly indicate 
marine origin. A marine origin is therefore implied for the Archean fer- 
ruginous cherts. It cannot be argued that the early pre-Cambrian strata 
are basically different because of their iron-bearing nature. The bedded 
Franciscan cherts are locally rich in iron and are in fact described as 
a lean siliceous iron-bearing formation (Taliaferro, 1943, p. 150). The 
geochemistry of silicon and iron (and manganese) have much in common. 

Two suggestions advanced to explain the younger cherts seem perti- 
nent to any discussion of the Archean counterparts. Davis (1918) has 
suggested that the rhythmic bedding of the Franciscan cherts may be 
due to the ability of silica to free itself of impurities and to segregate in 
layers after deposition. This concept, if true, makes possible the joint 
precipitation of silica and mud and does not require cessation of all 
mechanical sedimentation. No quiet, deep, land-remote, sediment-free 
area is needed for the formation of chert. The intimate interbedding 
of rapidly deposited muddy sands and silt (now graywacke and slate) 
with the chemically precipitated silica is thus readily accounted for. 

The suggestion that the silica was furnished by submarine springs 
by magmatic waters or by direct contribution from submarine lava 
flows has been made for both the Archean and younger cherts (Collins, 
Quirke, and Thomson, 1926; Davis, 1918). Greenstones and bedded 
cherts are closely correlated in time and place, and a causal connection 
is strongly suggested if not proved. The relief and climate necessary 
to produce graywacke is incompatible with the deep and thorough 
weathering needed to provide either the iron or the silica. A volcanic 
source is thus indirectly proved. 

One universal feature of the Archean iron-bearing strata, not ade- 
quately explained, is the marked contortion and crumpling. It has com- 
monly been attributed to drag folding during orogeny. Why, then, are 
not the thin varvelike slates equally contorted? Surely the latter are 
no less competent. Is the deformation contemporaneous with the sedi- 
mentation and related to the incompetency of the silica gel which was 
particularly susceptible to subaqueous gliding? 
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A major point at issue on the chert problem has been the depth of 
water. Some workers, notably Bailey (1936), have regarded the cherts 
as abyssal, while others have postulated shallow water. The evidence 
for shallow-water origin has been carefully restated by Taliaferro (1943) 
and need not be repeated. The Archean ferruginous cherts were most 
certainly deposited in very shallow waters. Intimate interbedding with 
coarse graywackes and even conglomerates leaves little room for doubt 
as to depth of the water. 

QUARTZITE AND LIMESTONE PROBLEM 


One of the most striking features of the Archean is the singular scarcity 
of true quartzite and almost total lack of limestone. In none of the 
Timiskaming and other mapped Archean sediments shown on Plate 1 
is there any appreciable volume of true quartzite and only one small 
occurrence, at Steeprock Lake, of true limestone.’ 

“Impure quartzites” are frequently reported but are usually of small 
volume or are not correctly designated as quartzite. They are probably 
more appropriately termed graywacke. Some of the rare pure “quartzite” 
reported is probably recrystallized chert. This scarcity of true quartzite 
has been noted by others. Grout (1933, p. 992) says “the Knife Lake 
series shows poorly assorted sediments, with no clear quartzites or lime- 
stones.” Van Hise and Leith (1911, p. 603) note that the “Lower-Middle 
Huronian” (Knife Lake series and correlatives) of the Lake Superior 
region are “. . . made up principally of conglomerate and graywacke, 
lacking quartzite and limestone.” Eskola and Nieminen (1938) have 
also called attention to the deficiency of quarzite in the early pre-Cam- 
brian of the Fennoscandian Shield. They say 
“, . quartzites are rare in the pre-Cambrian territory of southwestern Finland and 
in the pre-Karelidic Archean in general. ... Metamorphic rocks of a primary 
argillaceous character are far more widely distributed in the Archean than are quart- 


zites. As we must suppose that quartzous sediments have also once existed on a big 
scale in the old Archean, the next question is, how to account for their disappearance.” 


Eskola and Nieminen suggest two explanations for the quartzite defi- 
ciency. Either the quartzites have been regionally granitized, or they 
have been eroded away before their folding. The granitization hypothesis 
promulgated by Backlund (1937) is regarded by Eskola and Nieminen 
as inadequate because the true quartzites are “. . . more resistant against 
granitization.” ‘They, therefore, considered the removal by deep erosion 
prior to folding as the probable reason for scarcity in Archean territory. 


2The Grenville, considered Archean by some, contains both limestones and quartzites but since 
it is considered Huronian by others it is not discussed in this paper. If it be Archean, it represents 
a very different facies of sedimentation than the Archean sediments of Plate 1. 
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Ficure 1. Quartzire, SERPENT (HURONIAN) 
Near Bruce Mines, Ontario. Crossed nicols, X 16. Com- 
pare with photomicro; s of Archean arkose and gray- 
wacke Figures 2 and 3. Contains about 8 per cent felds- 
par. Note general uniformity of grain size and absence 

of interstitial material. 


Ficure 3. GRAYWACKE 
Abram series (Archean), East Bay of Minnitaki Lake 
Ontario. Characterized by angularity of grain and ill 
sorting with generous quantity of interstitial mud now 
recrystallized to chlorite, sericite, and feldspars; essen- 


tially a microbreccia. Crossed nicols, X 16 


PHOTOMICROGRAPHS 


Ficure 2. ARKOSITE 
Abram series (Archean), Little Vermilion Lake, Ont: 
rio. eg quartz and feldspar but some interstitid 
me peripheral of grains. Cros 

sed nicols, X 16. 


material. 


Ficure 4. GRAYWACKE 
Archean), Maritou Lake, Ontario 
riphera 

ragments} 


SS it f i (without 

arked by angularity of grains (withou 

granulation) and by abundance of rock 
Crossed nicols, X 16. 
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A third explanation, not mentioned by Eskola and Nieminen, seems 
to the writer to be more probable. As pointed out elsewhere in this paper, 
true quartzites, with their cross-bedding and ripple marking, devoid of 
an argillaceous matrix, with an introduced mineral cement, belong to a 
different sedimentary facies from the graywackes. The latter, in com- 
pany of greenstones and cherts, are typical only of the most severely 
deformed orogenic belts. This is true not only of the Archean folded 
tracts—here interpreted as orogenic zones of ancient time—but also of 
the younger now-deformed geosynclinal tracts such as the Caledonian 
geosyncline of Great Britain. Both limestones and true quartzites appear 
to be absent in these more recent chains. Rapid downsinking at the 
time of deposition leads to rapid accumulation and burial, below the 
wave base, and hence protection from reworking. Such conditions yield 
the dark, ill-sorted, argillaceous sands or graywackes, whereas repeated 
shifting and reworking on shallow more stable platforms produces the 
clean-washed, cross-bedded and rippled quartzites. The latter, because 
of platform stability, tend to be thin and not to be involved in the 
acute orogeny. They are not, therefore, deep downfolded and are, there- 
fore, most susceptible to erosion. Since all Archean terrains are deeply 
eroded, quartzite which has escaped such denudation is most uncommon. 
In this respect the Archean sediments are in sharp contrast with those 
of the Huronian. The latter include many relatively thin clean white 
quartzites, cross-bedded and ripple-marked, and a limestone of consid- 
erable lateral extent. Only in the late stages of the Huronian did col- 
lapse and rapid downsinking bring a return to those conditions which 
prevailed in Timiskaming time. Only then did the thick graywacke 
facies of the Upper Huronian of the Marquette and Gogebie areas accu- 
mulate. 

Two other hypotheses might account for the scarcity of quartzite. One 
supposes that the graywackes are derived only from a basement of 
basic igneous rocks. This is clearly incorrect as inspection of the pebbles 
of the associated conglomerates shows. The mineral and chemical com- 
position of the graywackes is further evidence against this view. The 
other hypothesis supposes the absence of plant cover. Rapid erosion 
and incomplete weathering are thereby favored, and the formation of 
arkose and graywacke is to be expected. The complete weathering 
implied by quartzite would, therefore, probably not take place. Whether 

the plant cover existed or not is problematical. Inasmuch as graywackes 
have formed in more recent times when a plant cover did exist (as 
indicated by the abundant fragments of carbonized wood in these younger 
deposits), it seems unnecessary to assume the absence of cover for the 
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production of similar rocks in the earliest periods. Moreover, the exist- 
ence of some quartzite and some limestone, however small in volume, 
shows that either could form, and the problem thus becomes one of 
accounting for their disappearance rather than for their nonformation. 

The almost complete absence of limestone has been mentioned. The 
absence of limestone in the geosynclinal facies of the Lower Paleozoic 
of Great Britain has been pointed out by Jones (1938) who says “Car- 
bonate rocks are usually absent, but may occur as nodules.” Such is 
the case with the known Canadian and Finnish Archean, except the 
Grenville if that be Archean. Calcareous nodules or their metamorphic 
equivalents have been reported in the Archean of Ontario by Pettijohn 
(1940). The apparent rarity of such nodules is probably due to failure 
to recognize the nodular bodies of anorthite, quartz, and hornblende as 
concretions. Sederholm (1928), for example, once attributed these 
bodies to a peculiar granitization and only later, following Eskola (1932), 
conceded their metaconcretionary origin. The reader is referred to the 
original papers by Eskola and by Pettijohn for detailed description of 
composition and occurrence. (See Plate 10.) 


ARCHEAN VOLCANICS 


The Archean volcanics, both those which antedate and those contempo- 
raneous with or later than the sediments, belong to the “greenstone” 
suite. Detailed petrographic descriptions of the Archean representatives 
of this suite were given by Bayley (1897) and by Clements (1903) 
which have been but little improved on. The reader is referred to these 
reports for details. 

The term “greenstone” plays a role for the volcanics similar to that 
of “graywacke” for the sediments. These rocks are essentially lavas, 
mainly basaltic, together with related pyroclastics and schists and pene- 
contemporaneous intrusives, which have been much altered. The feld- 
spars have been albitized or saussuritized, while the pyroxenes have been 
uralitized and chloritized. Carbonatization and silicification are common. 
Serpentinization and steatization occur locally. While the mineral changes 
are profound—though of the epizone—the megascopic textures and struc- 
tures, such as amygdules or spherulites, are faithfully retained (except 
where locally obliterated by shear). Most typical are the ellipsoidal 
flow tops and flow breccias. Absent or very uncommon is columnar 
structure. 

Intimately associated with the extrusives are equally altered pene- 
contemporaneous intrusives of metagabbro and metadiorite. They occur 
in every district and are the bane of the field geologist since he is fre- 
quently unable to tell whether an outcrop is an intrusive or but a coarse 
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Figure 1. Quartz-FeLpspar PorPHyRy 
From stock 114 miles southeast of lot 1, Con. V, Dray- 
ton Township, pre-Abram in age. Thisi is ‘parent material 
of arkose or “‘recomposed pop yry * shown in Figure 2. 
Note “hiatus” in grain size distribution. No grains in- 
termediate in size between phenocrysts of feldspar and 
grains of groundmass, as in part porphyry debris. 
rossed nicols, 


Ficure 3. ANDeEstTic TuFF 
Ordina’ —e. X 16. Feldspar and hornblende crystals 
scattered through matrix of chlorite, carbonate, and 
crystal detritus. 


PETTIJOHBN, PL. 12 


Ficure 2. ‘“‘RECOMPOSED PoRPHYRY” 
Detrital arkose derived from porphyry, 
Note large, but slightly worn ‘“phenoclasts” acid 


plagioclase and quartz. Note also that frequency dis- 
tribution of grain sizes is continuous and without break 
from coarse to fine. This rock is Fg gg + of basal 
Abram (Archean) sediments of East B inni i 
Lake, where these beds are in contact wi 
quartz stock about 1 

Drayton Township. 


ay Minnitaki 
th pre-Abram 
miles southeast of lot 
rossed nicols, X 16. 


Ficure 4. METAMORPHOSED CALCAREOUS CONCRETION 

Ordinary light, X 16. Large poikiloblastic hornblende in 

granoblastic matrix of quartz and eS Feldspar 

tends to be interstitial and molded around quartz. Ill- 

defined dark spots in hornblende are halos around min- 
ute inclusions. 
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flow center. The sediments as well as the extrusive flows have been 
injected by these basic plutonites. 

The greenstone suite has been recognized by Tyrrell (1933) and others 
as the normal volcanic component of the geosyncline. These rocks are 
commonly spilitic, and Tyrrell has suggested that their soda-rich nature 
may be due to the connate sea water of the sediments with which they 
are closely associated. Certain it is that the British pillow lavas of the 
Caledonian geosyncline bear a very close resemblance to the Archean 
ellipsoidal greenstones. Like their British prototypes the Archean lavas 
are (1) very much decomposed, and (2) their feldspars are rich in soda. 
All are rich in CO, and H.O indicating a decalcification of the feldspar 
and production of albite. This is commonly confirmed by thin-section 
study. 

The ubiquitous ellipsoidal greenstone, figured in every mining report, 
is according to Satterly (1941) essentially a basalt. A minor proportion 
of the flows are intermediate or acid. According to Satterly the average 
greenstone has a composition very near that of the average plateau 
basalt. Satterly’s data, however, show some analyses much like those 
of Dewey and Flett (1911, p. 206) and designated by them as spilites. 

In any event the Archean lavas are not plateau lavas in any other 
sense. They are many tens of thousands of feet thick (over 17,000 feet 
thick near Savant Lake according to Rittenhouse; over 5144 miles thick 
near Shoal Lake (west) according to Greer, 1930, p. 52), much too thick 
for any lava veneer of the plateau type. They are, moreover, subaqueous, 
as shown not only by the ellipsoidal structure but by minor sedimentary 
interbeds, particularly chert. 

The fallacy of correlating on lithologic similarity is no better illus- 
trated than by the identity in every detail of the Archean lavas and 
those of Middle Huronian age in the Upper Peninsula of Michigan. 
Similar also are the lower Paleozoic greenstones of New Hampshire 
(Billings, 1987) and Newfoundland (Espenshade, 1937). Mention has 
been made of the lower Paleozoic pillow lavas of the Caledonian geo- 
syncline of Great Britain. To these should be added the Franciscan 
greenstones of Upper Jurassic in California and the voleanics of the 
Alpine area. All mark orogenic belts. 


TECTONICS AND SEDIMENTATION 


PREVIOUS CONCEPTS AND GENERAL PRINCIPLES 


The great similarity of the Archean sediments to certain deposits of 
later times has been repeatedly pointed out. The kinship of the Archean 
sediments and their younger counterparts extends even to the minutest 
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details of structure and mineralogy. The resemblance is more than super- 
ficial. Most certainly, therefore, the Archean deposits and their younger 
homologues have a common manner of origin. The only material dif- 
ference is in the presence of a few (though rare) fossils in the younger 
deposits which are apparently lacking in the ancient accumulations. 

As noted in the introduction, present-day opinion leans strongly in 
favor of a continental origin for the Archean (Timiskaming-type) sedi- 
ments. Lacking fossils one cannot positively prove a marine or con- 
tinental origin. Very probably the sediments are marine for that is 
most certainly the case for the younger sediments of identical petro- 
graphic character. The distinction between a marine and a continental 
origin, however, is not fundamental. Attempts to classify environments 
as continental or marine and then in turn subdivide these has been largely 
unsuccessful in the absence of fossils. The presence of about 3.5 per cent 
of salt does not produce a petrographically significant difference between 
sandstones of marine and fresh-water origin. A system of classification 
of environments which fails to produce significant petrographic differ- 
ences is a false one. What, then, are the factors (and hence the environ- 
ments) that make the vast differences between oligomictic and polymictic 
sediments; that are responsible for the sandstones with secondary mineral 
cement in contrast with those having a primary “clay” cement; that make 
the striking difference between quartzose sandstones and a graywacke? 
The ultimate factor involved is diastrophism, and the first classification 
of sedimentary environments must be tectonic. 

The influence of tectonics on sedimentation has been appreciated in 
considerable measure by many geologists. But that tectonics is the most 
fundamental factor controlling the nature of the sediment has been ac- 
cepted by only a few investigators. 

The case for tectonics has been clearly stated most recently with 
convincing evidence by Jones (1938, p. Ix, ff.). Basing his statement of 
the role of tectonics on the great volume of accumulated data on the lower 
Paleozoic of Great Britain, Jones recognized two facies of sedimentation 
which he termed the “shelly facies” and the “graptolitie facies.” The 
shelly facies, according to Jones, is the product of accumulation in shallow 
seas. The total thickness of the deposits is limited. The strata show 
marked horizontal variations, abrupt vertical variations, marked bedding 
planes, and many breaks in faunal and lithologie sequence with obvious 
erosion. The materials are well sorted. The argillaceous material is 
clearly separated from the arenaceous debris. Caleareous matter is abun- 
dant as shells and shell debris, often with marked sorting and evidence 
of transportation. Some sections show true coral reefs. The limestones 
contain odlitic structure, phosphatic bands, and glauconitic grains. The 
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arenites exhibit strong and variable cross-bedding and ripple marks. 
These strata are generally little deformed. In marked contrast stands 
the graptolitic facies, which is the product of geosynclinal sedimentation. 
It is therefore of great thickness and is now much deformed. Deposi- 
tion was continuous or without interruption. The arenaceous and argil- 
laceous materials are intimately mingled. Sandy mudstones, containing 
large very angular quartz grains embedded in fine silts, are common as 
are muddy sandstones with disseminated chlorite and muscovite giving 
rise to green or gray color. The “graywacke suite” is therefore typical. 
Local roundstone conglomerates with quartz pebbles are common as 
are fine-grained pyritic and graptolitic black shales. Carbonate rocks 
are absent or occur only as nodules. Organic remains are very sparse. 
The bedding of the arenites is uniform, well-marked, and rhythmic. 
Graded bedding is typical. Curly bedding or hassock structure, also 
known as slip bedding, is frequent. Except for the organic remains this is 
a perfect description of the Archean! 

The significance of tectonic control over the petrographic character of 
the sandstone facies has been emphasized also by Bailey (1936; 1930). 
Particular emphasis was placed on the nature of the bedding. Cross- 
bedding and graded bedding were interpreted as the indices of two dif- 
ferent facies of sedimentation. The latter was believed to indicate geo- 
synclinal accumulation. That graded bedding was a characteristic feature 
of graywackes was also clearly pointed out by Bailey. Moreover, he 
called attention to the association of graywackes with spilitie greenstones 
and radiolarian chert. This assemblage was considered typical of geo- 
synclinal sedimentation. Bailey interpreted all three as forming under 
deep water. 

Tyrrell (1933) was also impressed with the common association of gray- 
wacke and greenstone. He called attention to the worldwide occurrence 
of these rocks and has briefly summarized his views. He thought both 
were the product of a particular tectonic environment—namely, the geo- 
syncline. 

Continental geologists have likewise recognized the importance of tec- 
tonics in relation to sedimentation. Fischer (1933), for example, 
considered graywacke a geosynclinal deposit—a “poured in” type of 
sandstone unlike the sand accumulation elsewhere. The “Flysch” and 
“molasse” are recognized by Alpine geologists as types of sedimentation 
representing the preorogenic and postorogenic accumulations. The arenite 
representatives are graywacke and arkose. The reader is referred to 
the classic work of Heim for discussion of facies. Schwetzoff (1934) 
used the terms oligomictic and polymictic and noted that oligomictic 
rocks are the characteristic deposits of epicontinental seas and are rarely 
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found in geosynclinal regions, whereas polymictic rocks are characteristic 
of the geosynclinal depression. The latter include arkoses and gray- 
wackes. 

In America, the governing influence of tectonics on the petrography of 
the sediment has been but slightly and belatedly recognized. In a recent 
textbook, for example, the tectonic factor in sedimentation received less 
than 5 per cent of the space devoted to environmental factors. The classi- 
fication of environments ignored it altogether. Noted exception to the 
general rule is the work of Krynine (1941) who not only fully appreciated 
the role of tectonics but also recognized the importance of arkose, gray- 
wacke, and quartzose sandstone as the earmarks of three different tec- 
tonic and geomorphic environments. He even went so far as to say 
“ . . the common mistake in the field of confusing arkoses (rich in feld- 
spar) with graywackes (rich in nonfeldspathic rock fragments) is sure 
to lead to petrologic and interpretative disaster”. 


APPLICATION TO ARCHEAN 


Sediments of the geologic past, therefore, have accumulated, in the 
main, either in geosynclines or in shallow epicontinental seas. The ear- 
marks of geosynclinal sedimentation are the great thickness of the 
deposits, the predominance of graywackes marked by graded bedding, 
association with tuff and spilitic greenstone. In contrast the sediments 
of the epicontinental embayments are cross-bedded and well-washed 
sands, widespread limestones and shales, all of slight thickness. Since 
the deposits of geosynclines are orogenically deformed and downfolded, 
they tend to be preserved, whereas the undeformed and thin accumula- 
tions on the stable “platforms” are stripped by erosion. It follows, there- 
fore, owing to the many opportunities for prolonged erosion since the 
Archean, that the only Archean sediments remaining today are those of 
geosynclinal or orogenic aspect. 

In this concept we find an explanation of the great thickness, the pre- 
dominance of graywacke, the absence of limestone, and scarcity of true 
cross-bedded quartzite in the Archean sections. The coarse wedge-shaped 
conglomerates which mark the Archean are the proximal facies of the 
geosynclines adjacent to the rising highland. Rapid downsinking made 
possible the hasty accumulation—several feet per year in extreme cases— 
of angular, muddy sands or graywacke (“microbreccias”). Rapid accu- 
mulation combined with a periodicity of supply and downsinking below 
the zone of reworking produced the graded bedding characteristic of this 
facies and made possible the incorporation of easily reduced shale- 
pebbles in the intraformational conglomerates, and the contemporaneous 
folding produced by subaqueous gliding on overloaded slopes. Deposition 
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without reworking made cross-bedding rare and ripple marking im- 
possible. In this belt of tectonic unrest voleanie action, contemporaneous 
with the sedimentation, formed both pillow lavas and pyroclastics. To 
this voleanism, perhaps, are we also indebted for the extraordinary bedded 
cherts and iron formation—the products of thermal springs. 

Table 12 lists the principal contrasting features of the two facies of 
sedimentation and their pre-Cambrian prototypes. 


TaBLe 12—Facies of sedimentation 


Orogenic (geosynclinal) (‘‘Flysch”’-type) 


Thickness: 
Excessive; h X 10* feet | 
Conglomerates very thick 


Textures: 
Sorting very poor 
Grains very angular 


Structures: 
Graded bedding typical 


Cross-bedding infrequent and on 
small scale 

Ripple mark absent 

Intraformational shale—(or slate) 
pebble conglomerates common 

Erratic blocks common (pseudo- 
tillites) 

Show contemporaneous folding and 
brecciation 

Channeling common 


Composition: 
Minerals: 
Detrital quartz, feldspar, and rock 
fragments common 
Cement or matrix prominent to pre- 
dominant; replaced by chlorite, 
carbonate, sericite, and quartz 
Rock Types: 
Graywacke dominant; conglomerates 
thick and local; slates minor 
Absence of quartzites and limestone 
Cherts, iron formation, and tuffs 
common 
Rate of sedimentation: 
Rapid and usually continuous 


1 to 100 cm. per vear 


Geological examples: 

Archean: 

Knife Lake, Timiskaming, etc. 
Huronian: 

Michigamme, Tyler-Copps 
Ordovician: 

Badger Bay series (Newfoundland) 
Tertiary: 

Flysch 


Epirogenic (“platform’’) facies 


Thin to moderate; h 10° to 10° ft. 
Conglomerates very thin 


Sorting good 
Grains moderate to well rounded 


Graded bedding absent, infrequent or 
variable 
Cross-bedding common in sand facies 


Ripple mark common 
Diastems marking periods of non- 
deposition common 
Conglomerates of well-worn and far- 
traveled debris 
Contemporaneous deformation absent 


Detrital quartz universal; feldspar rare 


Cement subordinate; calcareous or 
siliceous 


Limestones, shales, and sandstones com- 
mon; conglomerates thin and rare 


Cherts restricted mainly to nodules in 
limestones 


Very slow and with long periods of non- 
deposition 
01 to .1 em. per year 


Huronian: 
Mesnard, Ajibik, Pokegama, etc. 
Paleozoic of upper Mississippi Valley 
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The sediments of the geosyncline may be either marine or nonmarine. 
The Archean, therefore, may be either. The weight of the evidence favors 
a marine origin. Supporting this view is not only the marine origin of 
the homologous younger sediments but also the interbedded pillow lavas 
(implying a subaqueous origin), the associated ferruginous cherts (always 
an anomoly for the proponents of terrestrial deposition), the interstitial 
clay of the graywackes (implying flocculation by salt water), and the 
color, together with the minor graphitic and pyritic constituents of the 
graywackes best explained by deposition under reducing conditions below 
the zone of oxidation and implying organic action, at least bacterial, and 
sulfate waters. 

Opposed to a marine origin is only the great thickness of the con- 
glomerates. But since these rudaceous deposits represent a border facies, 
only this facies at most can be regarded as terrestrial, and they may 
stand in the same relation to the marine facies as the Wasatch conglom- 
erate stands to the lacustrine Green River shales—i.ec., only a brief 
incursion of a piedmont fanlike accumulation into an otherwise unin- 
rupted marine sequence. 

The similarity of the Archean deposits to those of the glacial Pleisto- 
cene, pointed out at numerous places in the paper, does not mean that 
the deposits of the Archean are glacial. The similarity, striking as it is, 
proves the essential aquatic nature of the Archean deposits. The points 
of difference are mentioned but not emphasized. The similarity follows 
from the most fundamental common factor in the origin of the deposits 
of the two ages—.e., the rapid rate of accumulation. Rapid as the depo- 
sition of the glacial sediments was, no great thicknesses were produced 
because no significant tectonic depression accompanied their accumu- 
lation. 

The recognition of the two fundamentally different and mutually exclu- 
sive facies of sedimentation leads to a better understanding of Archean 
conditions of sedimentation. It thus appears that the Archean sediments 
are fundamentally no different from orogenic sediments of other ages.’ 


8 That the Archean geosynclines and the rocks. both sedimentary and igneous, which filled them 
very closely resemble certain later geosynclines is the main thesis of this paper and the basis for 
interpretation of the origin of the Archean sediments. The reader will undoubtedly note a decided 
contrast between the Archean record with that of some later periods of geosynclinal downfolding and 
sedimentation. This follows from the existence of two geosynclinal types. Kay (1942), for example, 
has pointed out these two types in his summary of the history of the Appalachian ‘“‘geosyncline.” 
The Champlain trough with its caleareous facies and the Magog trough with its greenstone-graywacke- 
chert facies are representatives of the two types. Stille (quoted by Kay) has called these types 
eugeosynclinal and miogeosynclinal zones respectively. The latter is essentially amagmatic. The 
Archean geosynclines, like the Caledonian of Great Britain and the Franciscan of California, are 
Magog type or eugeosynclines. All remarks concerning geosynclines in this paper, therefore, apply 
to the eugeosyncline only. 
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ABSTRACT 


A brief description of the general geology of the northern half of the Bannock 
Range is given as background for (1) interpretation of local structural-stratigraphic 
problems of the pre-Cambrian and lower Paleozoic, and (2) relation of local struc- 
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tures to those of the overthrust segment of the Putnam-Bannock thrust farther east, 

Greatest deformation was during the Laramide epoch, and local structures are 
characterized by westward-overturned isoclinal folds. Faults of similar age are rela- 
tively unimportant. In contrast, folds of the overthrust segment of the Putnam- 
Bannock thrust are overturned eastward and are cut by numerous faults. 

It is suggested that the Bannock Range is a large window exposed by erosion of 
the Putnam-Bannock thrust and that the Bannock Range structures originated in a 
segment underthrust relatively westward. 

INTRODUCTION 


GENERAL STATEMENT 


The geology of part of the Bannock Range was studied during the 
summer of 1940, and a report on the pre-Cambrian section has been 
published (Ludlum, 1942). The work was continued during the summer 
of 1941, with particular attention to the inseparable structural-strati- 
graphic problems of the pre-Cambrian and lower Paleozoic. The area of 
stnudy is shown in Figure 1. 

The geology has been based largely on general reconnaissance reports 
(Hayden, 1872, p. 23-25; Bradley, 1873, p. 202-205; Peale, 1879, p. 
564-571). Weeks and Heikes (1908, p. 178-183) reported on the recon- 
naissance of parts of the Bannock Range; Anderson (1928, p. 1-15) briefly 
surveyed along the Portneuf Canyon. Mansfield (1920, p. 1-152; 1927, 
p. 1-453; 1929, p. 1-110) has made important detailed contributions to 
the geology of the adjacent areas. 


ACKNOWLEDGMENTS 


The help of Professor A. L. Anderson in outlining the problems of the 
area, the direction of the investigation by Professor C. M. Nevin, and 
the critical reading of the manuscript by Professors Nevin, O. D. von 
Engeln, Anderson, and C. W. Merriam are gratefully acknowledged. 


PHYSIOGRAPHY 


The part of the Bannock Range considered here consists of three main, 
roughly parallel north-south ridges. The most persistent, the central 
ridge, includes Chinks Peak, Indian Peak, and Scout Mountain (Fig. 2), 
The physiographic development of these ridges is controlled by structure 
whose trend is also northerly. The highest elevations are from 6500 to 
8500 feet above sea level, and 2000 to 4000 feet above the Portneuf 
River valley. The ridge summits are usually of small area, but their 
slopes are fairly well rounded. Big Flat (Fig. 2) covers about 1 square 
mile and is the largest flat summit level. Sloping subsidiary ridges often 
show benchlike interruptions of their longitudinal profiles. The Pocatello 
bench (Fig. 2), a southward extension of the Gibson terrace (Mansfield, 
1920, p. 16), lies at the base of the ridges in the northwest part of the 
area. Flood plains of streams which have cut narrow valleys into the main 
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ridges and which flank the subsidiary ridges merge at their lower ends 
with the Pocatello bench. 

Major drainage is controlled by the Portneuf River, which has cut a 
deep canyon across the range. This canyon has probably been eroded 
along a transverse fault zone, as a transverse fault, possibly of major 
importance, is located in the canyon itself at Inkom (Fig. 2) and minor 
faults of the same trend have been found along the slopes of the western 
part of the canyon. A tributary, Marsh Creek, supplied the Portneuf 
with much of the overflow from Lake Bonneville during the Pleistocene 
and now forms the eastern boundary of the range, joining the Portneuf, a 
mile southeast of Inkom. 

There is evidence of three partial cycles of erosion in the Bannock 
Range comparable to those identified by Mansfield (1920, p. 15-18) in 
adjacent areas. The high ridges and high, gently sloping benches repre- 
sent the Putnam erosion level (early Pleistocene) which was developed 
to late maturity. The narrow valleys which cut the ridges, and the broad, 
gently sloping benchland or terrace which borders the Snake River Plains, 
were produced during the Gibson period (late Pleistocene), and reached 
early maturity. The lower valley of the Portneuf River and some of the 
smaller, westward draining stream valleys have been incised in the Poca- 
tello bench and represent the Spring Creek erosion level which is now 
in a youthful stage. Mansfield (1927, p. 19) has correlated these erosion 
levels with “erosion cycles” in western Wyoming and other parts of south- 
eastern Idaho. 

STRATIGRAPHY 


PRE-CAMBRIAN 


General statement.—Since the pre-Cambrian formations of the Ban- 
nock Range have already been described (Ludlum, 1942, p. 88-93), only 
the important features will be given. 


Bannock volcanic formation.—The oldest rocks are a series of meta- 
morphosed lavas, tuffs, and volcanic breccias. The base is not exposed, 
but the minimum thickness is 400 feet. A large, newly discovered ex- 
posure has been mapped near Scout Mountain (Fig. 2). 


Pocatello formation—The Pocatello formation immediately overlies 
the Bannock volcanic formation. It has been separated into a lower 
series of tillite 1100 feet thick and an upper series of varved slate 350 feet 
thick. Tillite series includes silicified sandstones, carbonaceous slates, 
intraformational limestone conglomerate, thin-bedded metamorphosed 
limestones, argillites, and tillites. The varved slates of the upper series 
are gray on fresh surfaces and distinctly striped. The Pocatello ex- 
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TasLe 1.—Stratigraphic section of part of the Bannock Range 


Geologic Formation Thickness General Character 
ge (feet) 
Quaternary Not Hill wash, aluvium, basalt 
measured 
Unconformity 
Salt Lake 235+ Poorly consolidated conglomerate, 
formation sandstone, and volcanic ash 
Tertiary 
Not Rhyolite, mostly porphyritic 
measured 
————— Unconformity 
Ordovician Swan Peak Estimated | Massive vitreous, white silicified 
quartzite 785 sandstone; unfossiliferous 
Massive gray limestone with minor 
Cambro- Not Estimated amounts of shale and sandstone; 
Ordovician differentiated 4250 cherty in upper part; sparingly 
fossiliferous 
Thin-bedded to massive silicified 
Cambrian Brigham Estimated sandstone and_pebble-conglom- 
quartzite 3200 erate, commonly pinkish; minor 


amounts of green and brown shale 
and thin-bedded siltstones; un- 


fossiliferous 
Unconformity 
Blackrock 535 Thin-bedded to massive gray lime- 
limestone stone; unfossiliferous 
Upper 350 Gray and brown varved slates 
og 
3s Silicified sandstones, slates, intra- 
= z formational limestone conglom- 
Pre-Cambrian | 5 £ Lower Estimated erate, thin-bedded metamor- 
Au 2 1100 phosed limestones, argillites, and 
tillites; unfossiliferous 


Bannock volcanic | 400+ Base | Metamorphosed lavas, tuffs, and 
formation not exposed voleanic breccias 


hibits well-developed fracture cleavage, especially in the slates; it is 
unfossiliferous and becomes sandy near the top. The sandy beds are 
intercalated with the overlying Blackrock limestone. 


Blackrock limestone——The Blackrock is typically a gray, pure lime- 
stone, massive in the upper part. Although no fossils were found, de- 
formed and partly recrystallized odlite structures are abundant. The 
maximum thickness is 535 feet. A definite unconformity separates it 
from the overlying Brigham quartzite (Ludlum, 1942, p. 93). 


CAMBRIAN 


Brigham quartzite —The Brigham is the most widespread consolidated 
formation in the area mapped. Its base is a coarsely fragmented, brown- 
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and red-stained quartzitic rock. Thin sections show that, in common with 
most of the formation, it is a silicified sandstone. Above the fractured 
basal section, the typical Brigham is thick-bedded, vitreous, and medium- 
grained. Fresh surfaces are reddish or purplish, and weathering produces 
darker colors, especially brown. Cross-bedding occurs in some of the 
thick sandstone beds but is poorly defined. Beds of pebble conglomerate 
and coarse-grained sandstone are common. Pebbles in the conglomerate 
are less than an inch across and are usually quartzite. An estimated 600 
feet of thin-bedded siltstones and shales occurs near the top. These 
are commonly green or buff and form prominent talus slopes in some 
parts of the range. Similar thin-bedded units, of limited vertical extent, 
also occur lower in the section. Although the exact contact between the 
Brigham and the overlying limestones is concealed, a brown shale, ex- 
posed infrequently, probably forms a transition zone. 

The Brigham is unfossiliferous in the Bannock Range and almost com- 
pletely so in other regions; consequently its exact age is doubtful. Most 
writers agree, however, that it is either Lower or Middle Cambrian. In 
the mapped part of the Bannock Range it reaches a thickness of 3200 
feet. Such a thickness of fairly coarse sediments suggests continental 
(nonmarine )origin. 


CAMBRO-ORDOVICIAN LIMESTONES 


Above the Brigham, a succession of limestones reaches an estimated 
thickness of 4250 feet. They are similar lithologically and apparently 
are only sparingly fossiliferous. The few fossils found are poorly pre- 
served, and the majority represent types of limited use in critical age 
determinations. For these reasons, no attempt is made to differentiate 
the Cambro-Ordovician limestones. They are, presumably, the equiva- 
lent of the Langston, Ute, Blacksmith, Bloomington, Nounan, St. Charles, 
and Garden City formations in adjacent areas of Idaho. The division be- 
tween the Cambrian and the Ordovician lies between the St. Charles and 
the Garden City. No angular unconformity was observed in the limestone 
sequence in the Bannock Range. 

The Cambro-Ordovician limestone section is well exposed on a ridge 
extending eastward from the north end of Scout Mountain. Immediately 
above the Brigham, the limestone is thin-bedded, shaly, and buff. How- 
ever, most of the limestone section is thick-bedded, usually gray or 
mottled gray on fresh surfaces. Shale members are not unusual in the 
section and, probably the Hodges shale member of the Bloomington 
formation and the Spence shale, member of the Ute formation (Mans- 
field, 1927, p. 53-55), are represented. Near the top of the series, ir- 
regular black chert layers are common. White silicified sandstones, also 
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present in this part of the section, may correspond to the Worm Creek 
quartzite member of the Upper Cambrian St. Charles limestone (Mans- 
field, 1927, p. 56). 

Several trilobites were collected about 200 feet from the base of the 
limestone series, 1 mile northwest of Slate Mountain. These were sub- 
mitted to Charles E. Resser, of the United States National Museum, who 
states (personal communication) that they are undescribed and may be 
“either in the upper part of the Middle Cambrian or the lower part 
of the Upper Cambrian.” Large odlites are common, especially in the 
iower limestones, and Girvinella-like algae are also abundant. Worm 
trails are the most common type of fossil markings, and sponge spicules 


are present. 
ORDOVICIAN 


Swan Peak quartzite—The Swan Peak is a vitreous, white, medium- 
grained, silicified sandstone. Wide separation of joint and bedding planes 
causes it to weather in characteristic large blocks. The Swan Peak is 
present only in the southeastern part of the area. It is not fossiliferous 
here and only sparingly so in other areas of Idaho, where it is tentatively 
correlated with the Chazy (Mansfield, 1927, p. 57-58). It reaches a 
thickness of 785 feet in the Bannock Range. 

The Swan Peak differs lithologically from the Brigham. Coarse- 
grained or conglomerate layers, common in the Brigham, are very rare 
in the Swan Peak. Thin-bedded fine sediments, present in the Brigham, 
are absent in the Swan Peak. Fresh rock is typically white, and weather- 
ing does not produce the common dark colors of the Brigham. Further- 
more, its conformable contact with the underlying limestones is usually 


observable. 
TERTIARY 


Salt Lake formation.—Although apparently unfossiliferous in the area 
mapped, the Salt Lake formation in Utah has been determined as Pliocene 
(Hayden, 1871, p. 69). It is exposed in small areas on protected slopes. 
These areas are more numerous and of wider extent at the northern end 
of the Bannock Range. The formation includes poorly cemented con- 
glomerates, sandstones, and volcanic ash, all of continental origin. The 
conglomerate is often iron-stained, but the sandstones and volcanic ash 
are usually white. The thickness of beds is variable, and bedding planes 
are usually poorly defined. At places the bedding is definite, however, 
and dips up to 37° indicate local folding. The greatest observed thick- 
ness is 235 feet, but, since the upper surface is everywhere one of erosion, 
the original thickness was greater. Since the distribution of the Salt 
Lake formation has but little bearing on the structural-stratigraphic 
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problems to be considered, it has been mapped with the Quaternary 


_ deposits. 


QUATERNARY 


The Quaternary sedimentary deposits consist of hill wash and alluvium. 
The former is a coarse, bouldery, colluvial deposit of quartzite and lime- 
stone of local origin found on most of the higher slopes; in many places it 
masks the underlying structure. 

The alluvium is of at least two ages. An older alluvium forms much 
of the lower reaches of the Pocatello bench, and a younger is present along 
the present streams. 

VOLCANIC ROCKS 


Rhyolite flows form prominent cliffs west of Pocatello and southwest of 
Slate Mountain. Most of the rhyolite is porphyritic and becomes reddish 
and porous on weathering; fresh surfaces are usually light gray or brown. 
Exact dating of the rhyolite is impossible but comparison with similar 
flows in adjacent areas indicates a Pliocene age. Mansfield (1929, p. 
44) has found similar rhyolite interbedded with the Salt Lake formation 
in the Portneuf quadrangle, but this relationship was not observed in 
the area mapped. 

Basalt flows occupy much of the valley of the Portneuf River from 
Inkom to Pocatello. Their source is to the east, in the Blackfoot lava 
field of the Henry and Cranes Flat quadrangles where they are over- 
lapped by Quaternary sediments. The basalt, therefore, is probably 
Pleistocene. Several flows are superposed and form columnar-jointed 
cliffs along the river. 

STRUCTURE 


FOLDS 


Most characteristic of the structure of the Bannock Range is a pre- 
dominance of easterly dips between 30° and 40°, giving a much greater 
apparent thickness to the Paleozoic formation here than in adjacent 
areas. Assuming no repetition, the Brigham would be 8000 feet thick 
along many traverses across the Bannock Range. Its usual thickness in 
other parts of southeastern Idaho is less than 2000 feet. Much of the 
apparent thickness of the Paleozoic formations in the Bannock Range 
is caused by repetition of beds through isoclinal folds overturned to the 
west. Evidence for isoclinal folding is based on repetition, in reversed 
sequence, of sections having consistent eastward dips, where there is no 
evidence of faulting. The character of these folds is shown in structure 
section FF and GG (Fig. 3). 

The central ridge of the range marks approximately the axis of a 
major arch, here called the Bannock anticline, shown in structure sec- 
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tions CC, DD, and EE (Fig. 3). North of Portneuf Canyon, this anti- 
clinal structure branches, one part trending northwest through Chinks 
Peak, and the other trending northeast through the Moonlight Creek 
area. A syncline, marked by extensive Brigham outcrops, separates the 
two anticlinal branches and is shown in section BB (Fig. 3). South of 
Portneuf Canyon, the Bannock anticline continues beyond Indian Peak 
where it is displaced eastward by transverse faulting. Thus, the major 
fold through Scout Mountain is probably the Bannock anticline con- 
tinued southward. The large area of Brigham centered on Kinport Peak 
is on the eastern limb of another major anticline (Fig. 3). Subordinate 
folds trend northeast in the southwestern part and are shown in sections 
EE and FF. The trends of the formational contacts show that these folds 
plunge south. Furthermore, considering the area as a whole successively 
older formations are exposed toward the north. This indicates a gen- 
eral southward plunge also for the major folds and is illustrated by in- 
creasing width of exposed pre-Cambrian in sections EE to CC. 


FAULTS 


Transverse faults—aA major transverse fracture, here named the Scout 
Mountain fault, was traced across the entire southern part of the area. 
The stratigraphic throw along this fault is over 4500 feet. Relative 
elevation and eastward offsetting of the formations south of the fault 
have occurred. The “straight-line” expression across a mountainous 
terrane indicates a high-angle fault. This is true of all the mapped faults. 

Along another transverse fault at Inkom outcrops of Brigham are off- 
set eastward from similar beds south of the town, with a displacement of 
several thousand feet. The fault may prove of major importance as it 
was traced east of the area mapped and may be related to minor faults 
along the slopes of the western part of Portneuf Canyon. 

Near the upper reaches of the West Fork of Rabbit Creek, a trans- 
verse fault has brought the Bannock voleanic formation in contact with 
the upper Pocatello along the strike. This offsetting involves a strati- 
graphic throw of 1600 feet. The fault passes beneath Cambrian sediments 
and is therefore pre-Cambrian. Five other relatively minor transverse 
faults shown on the geologic map (Fig. 2) average about a mile in length. 
The displacements along these range between 500 and 1500 feet. 


Longitudinal faults——A longitudinal fault in the southwestern part of 
the area has caused omission of parts of the Cambro-Ordovician limestones 
and Swan Peak quartzite along the west flank of a syncline. Another 
longitudinal fault extends along the western base of the main ridge of 
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the range for several miles north and south of the Portneuf River. 
Omission of the Pocatello indicates a stratigraphic throw of 1500 feet. 
Longitudinal faulting is more common than the geologic map indicates. 
However, a majority of these faults involve small displacements and are 
less than a mile long. Three of them show more definite dislocation of 
beds and have been mapped: (1) just north of Inkom where breccia zones 
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Ficure 3.—Structure sections across part of Bannock Range 


in the reddish Brigham have weathered white and sugary, and adjacent 
beds have been dragged to almost vertical dips; (2) near the eastern 
base of the main ridge north of the Portneuf River where metamorphosed 
limestones of the Pocatello have been dragged to steep dips; and (3) 
along Mink Creek; this fault is associated with minor transverse faults. 

A longitudinal fault has apparently also caused the omission of the 
Pocatello along the western limbs of the anticlinal structures near Scout 
Mountain, Chinks Peak, and Moonlight Creek. The faulting occurred 
during the pre-Cambrian. Deposition of Paleozoic formations and later 
folding have made accurate tracing difficult. 


AGE OF FOLDING AND FAULTING 


Pre-Cambrian formations are more deformed than comparable forma- 
tions in the Paleozoic section. Pre-Cambrian folding, however, was 
relatively broad and open, since dips above and below the pre-Cambrian- 
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Cambrian unconformity are not greatly dissimilar. Associated with this 
folding are both transverse and logitudinal faults. 

The major deformation occurred during the Laramide epoch which 
is characterized by isoclinal folding and high-angle faulting. These 
structures are related to major thrusts of the same age in adjacent 
areas. 

Folding of the Pliocene Salt Lake formation demonstrates post-Lara- 
mide deformation, presumably at the end of the Pliocene. In addition, 
recent minor but widespread warpings initiated the Gibson and Spring 
Creek erosion cycles. 


REGIONAL SIGNIFICANCE OF BANNOCK RANGE STRUCTURES 


In the writer’s opinion, the structures of the Bannock Range are defi- 
nitely related to the major thrust faults farther east described by Mans- 
field (1920, p. 62-65; 1927, p. 150-162; 1929, p. 55-61). Most important 
is the Bannock thrust (Fig. 1) which is about 270 miles long. At places 
its overthrust sheet has been displaced eastward 35 miles. The present- 
known most westerly trace of this fault is 18 miles east of the Bannock 
Range. Moreover, it is probably connected with (the same as) the 
Putnam thrust (Fig. 1) of similar trend less than 5 miles northeast of 
the area mapped. The Putnam-Bannock thrusting occurred during the 
Laramide epoch (Mansfield, 1929, p. 62), and folding during and since 
that time has strongly warped the plane of thrust. Subsequent erosion 
has isolated slices of the overthrust sheet and formed windows through 
it (Fig. 1). 

It is here suggested that the Bannock Range itself is a large window 
exposed by erosion of the Putnam-Bannock fault. In evidence of this, 
Bannock Range folds are overturned westward, while eastward overturn- 
ing is characteristic of folding definitely in the overthrust sheet. This 
westward overturning is not limited to the area described in this paper. 
Reconnaissance along Jackson Creek and in part of the Portneuf Range 
east of Inkom indicates that westward overturning extends well into 
the unmapped area between the Pocatello and Portneuf quadrangles. 
Furthermore, Mansfield (1920, p. 62) has described the first well-defined 
fold northeast of the area mapped as overturned westward. The atti- 
tude of this fold is important since it is immediately adjacent to, and 
west of, the Putnam thrust. 

This westward overturning would be difficult to explain in an over- 
thrust segment moving eastward. On the other hand, westward over- 
turning in a segment underthrust relatively westward is expectable. 
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Additional evidence that the Bannock Range area is a part of the under- 
thrust segment of the Putnam-Bannock fault is the scarcity of well- 
defined faults in contrast to their abundance in the overthrust sheets 
farther east. Such an under thrust segment of relatively competent pre- 
Cambrian and lower Paleozoic formations would be better able to resist 
frictional movements. 

Older formations are exposed in the Bannock Range than in other 
described areas of southeastern Idaho. However, the deeper burial of 
these older formations during Laramide deformation would not be enough 
to explain the difference in importance of faulting in the two areas. 


Mansfield (1923, p. 264) has shown isolated slices of the Putnam- 
Bannock thrust sheet less than 5 miles northeast of the Bannock Range. 
No evidence of the descent of this thrust plane was found either in the 
intervening area or in the Bannock Range itself. Mansfield (1923, 
p. 264) has also found isolated rock slices of a thrust sheet just west 
of the Bannock Range, indicating that the Putnam-Bannock thrust rises 
east of the Bannock Range, has been completely eroded across the 
Bannock Range itself, and descends again west of the range. 

Complete proof that the Bannock Range is part of the underthrust 
segment of the Putnam-Bannock thrust must await mapping of the area 
between the Pocatello and Portneuf quadrangles, and of the ranges south- 
west of Pocatello. 
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ABSTRACT 


The northern Quitman Mountains lie within the Sierra Madre Oriental structural 
province, where it projects northward from Mexico into Hudspeth County, Texas. 
The Permian Briggs formation with a maximum exposed thickness of about 200 feet 
unconformably underlies the Jurassic Malone formation, which, although absent in 
places, attains a maximum thickness of 100 feet. The Lower Cretaceous represented 
by 10,000 feet of sedimentary rocks, consists of the following formations, the maximum 
exposed thicknesses of which are given in parentheses: Torcer (300 feet), Yucca 
(5500 feet), Bluff (about 1800 feet), Cox (700 feet), Finlay (100 feet), Espy (1280 
feet), and Etholen (500 feet). Unconsolidated basin deposits of late Tertiary and 
Quaternary age fill the valleys. 

The sedimentary rocks are intensely folded and faulted in the northern Quitman 
area, although no one fold can be followed very far. Three thrusts faults—the Devil 
Ridge, Red Hills, and Quitman—have a combined net slip of approximately 8 miles. 
Normal faults generally have a net slip less than 200 feet, though one exceeds 100 
feet. The main orogenic disturbance is probably late Cretaceous. 

Comagmatic and mildly alkalic volcanic and intrusive rocks are probably early 
Tertiary. Lavas and pyroclastic rocks, for which the name Square Peak volcanic 
series is here proposed, aggregate approximately 3500 feet and constitute a single 
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unit in the center of the mountains. Flows range from rhyolite and trachyte to 
basalt; rhyolites are most abundant. Later basining, probably due to magmatic 
subsidence below the volcanics, has dropped the central portion of the volcanic rocks 
approximately 4500 feet. Centripetal dips of flows along the outer contacts are as 
high as 90°; average inward dips range from 20° to 40°. 

The Quitman pluton, a discontinuous elliptical ring of intrusives around the vol- 
canic rocks, is interpreted as a ring-dike with an accessory stock at the northern end. 
Earliest intrusion in the area was a diorite; the main intrusion averages quartz mon- 
zonite. Plugs and dikes of aplite, granite porphyry, rhyolite porphyry, and quartz 
latite porphyry are youngest. Scattered mineral deposits are found in the irregular 
contact-metamorphic aureole around the pluton. 


INTRODUCTION 
NORTHERN QUITMAN MOUNTAIN AREA 


The Quitman Mountains lie in southern Hudspeth County, trans- 
Pecos Texas. The northern part of the range extends 10 miles north- 
northwest from Quitman Gap, whereas the rest of the range stretches 
20 miles south-southeastward to the Rio Grande. The northern Quitman 
Mountain area, as here defined, extends as far east as Texan Mountain, 
encompassing slightly over 100 square miles (Fig. 1). 

As shown on the Sierra Blanca and Fort Hancock topographic sheets, 
Quitman Peak, reaching an altitude of over 6600 feet, is the highest 
point in the area (PI. 2, fig. 1). The lowest point is west of Quitman 
Gap (PI. 2, fig. 2), where the altitude is less than 4000 feet. Thus, maxi- 
mum relief is about 2600 feet. The mountains are most rugged and in- 
accessible on the western side, where they rise abruptly out of the Hueco 
Basin, which slopes gradually southwestward to the Rio Grande. The 
surface of the basins on the eastern side of the Quitman Mountains is 
approximately 500 feet higher than on the west. Bug Hill, Double Hill, 
and Texan Mountain rise about 500 feet above the surrounding flats, 
whereas Bluff Mesa rises about 1000 feet. These and smaller hills parallel 
the northern Quitman Mountains proper on the east side (Pl. 1). 

Ephemeral streams drain the area; all lead eventually into the Rio 
Grande, except a few in the northeast which drain into the enclosed basin 
of Eagle Flat, east of Devil Ridge. The Quitman Gap arroyo has pirated 
the Quitman Canyon drainage west of Bug and Double Hills. These 
streams formerly flowed to the Rio Grande along the eastern side of the 
Quitman Mountains. 

Rainfall averages less than 10 inches per year. Vegetation consists 
of the typical Sonoran flora—lecheguilla, sotol, yucca, ocotilla, mesquite, 
and various species of cacti. Scattered junipers grow in the mountains. 
The valley flats support sparse growths of grasses, which during seasonal 
rains, may grow luxuriantly. Alluvium and detritus locally cover the 
bedrock on the mountain slopes. Otherwise, exposures are good and more 
or less continuous, except where covered by basin fill. 
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PREVIOUS REPORTS 

Early geologic reports covering part or all of the northern Quitman 
Mountain area are as follows: Von Streeruwitz (1889; 1890), Taff (1890), 
Osann (1892), Cragin (1897; 1905), Richardson (1904), and Stanton 
(1905). Baker (1927), who did the most extensive reconnaissance, at- 
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Figure 1—Index map 
Map of part of trans-Pecos Texas showing location of northern Quitman Mountain area 
(lined block) and other mountain areas mentioned in text. 

tempted to correlate the general stratigraphy of the area. He noted all 
major structural features of the sedimentary rocks and discussed the 
igneous and economic geology. Adkins (1932) has written an excellent 
summary of the stratigraphy of this and the surrounding areas; Baker 
(1934) has summarized the structure. Scott (1940) has studied the 
southern Quitman Mountain area around Indian Hot Springs. 

Albritton’s (1938) Malone Mountain report was the first detailed 
work in this general region. He established the exact relations of the 
Permian, Jurassic, and basal Cretaceous beds, designated respectively as 
the Briggs, Malone (emended), and Torcer (emended) formations, thus 
enabling the present writer to identify these beds along the northwestern 
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Figure 1. AERIAL PHOTOGRAPH OF PART OF NORTHERN QUITMAN AREA AND REGION TO 
4 THE NORTHEAST 
Viewed from a point north and west of Fox Canyon. Jagged outcrops in right foreground 
aré Quitman quartz monzonite. Behind the quartz monzonite are Bluff limestones in 
Thirsty Dog anticline. They are overlain by massive flows of the Square Peak volcanic 
series ippin east. Flows on Quitman Peak (Q) dip steeply west. Mountainous country 
above and to left of Quitman Peak is upheld by northern stocklike part of pases ome pluton. 
McNulty Peak (M), Sierra Blanca Peak (SB), Sierra Prieta (SP), and Guadalupe Peak 
@) * ee (Photograph by courtesy of Capt. E. F. Blakemore, Jr., U. S. Army 
ir Corps. 


Ficure 2. AERIAL PHOTOGRAPH OF QUITMAN GAP AND AREA TO THE NORTH-NORTHEAST 
Quitman Gap is in right foreground. Note abrupt truncation of overturned sedimenta 

beds by the Suitman quartz monzonite, which upholds Red Chief Peak (R). Very small, 
light-colored hills, surrounded by basin fill near center of picture, are outcrops of Quitman 
quarts monzonite on eastern side of Quitman pluton; Bug Hill (BH) and Bluff Mesa 
(BM). (Photograph by courtesy of Capt. E. F. Blakemore, Jr., U. S. Army Air Corps., 


AERIAL PHOTOGRAPHS OF THE NORTHERN QUITMAN MOUNTAINS 
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edge of the Quitman Mountains. Las Vigas (?) and Glen Rose beds 
were also identified for the first time in the Malone Mountains by 
Albritton. 

Subsequently Smith’s (1940) detailed work in the Devil Ridge area 
established the age and relations of the Yucca, Bluff, Cox, and Finlay 
formations. Washita and Eagle Ford strata were also included in this 
survey. J. D. Boon, Jr., has since mapped the geology of the Sierra 
Blanca area, the results of which are yet to be published. (Unfortunately, 
because of previous usage, it is necessary to use the term Sierra Blanca 
with four different meanings in this paper. Sierra Blanca may refer 
either to the town or to the four conical peaks about 8 miles northwest 
of the town. The Sierra Blanca area includes the Sierra Blanca and 
the low hills just to the north and east of the peaks. The Sierra Blanca 
region includes the Sierra Blanca, Devil Ridge, and the Eagle, Quitman, 
Malone, and Finlay mountains.) 


PURPOSE AND METHOD OF INVESTIGATION 


Precise investigation of the geology of the northern Quitman Moun- 
tain area was prompted by the following considerations: (1) The moun- 
tains lie near the northeastern border of the Sierra Madre Oriental 
province, where it projects northward from Mexico into Texas. Thus, 
a detailed study would aid in accurately delimiting the boundary between 
this and the Basin and Range province to the north and east. (2) Recent 
investigations had been made by Albritton in the Malone Mountains to 
the north-northwest, by Boon in the Sierra Blanca to the north, and by 
Smith in the Devil Ridge area to the southeast. Tying the intricate 
structure and stratigraphy across the northern Quitman Mountain area 
would clarify and enlarge the scope of the regional geology. (3) The 
area was thought to contain the largest intrusive body in trans-Pecos 
Texas (Baker, 1927, p. 36), and, as the study of igneous rocks in trans- 
Pecos Texas has been neglected until relatively recently, a knowledge 
of the petrology should be worth while. 

Plane-table mapping was deemed unnecessary, because plane-tabling 
the rugged and more inaccessible portions of the mountains would have 
required too much time. Moreover, in the higher mountains the map 
units were large, so that precise location was not necessary. However, 
Texan Mountain and the complex area on the west side of the moun- 
tains, extending from Quarry Hill at the north, through Big Gulch, and 
south to King Canyon, were plane-tabled. The rest of the area was 
mapped by compass resection, using as a base map the Fort Hancock 
and Sierra Blanca topographic sheets enlarged to approximately 2 inches 
equal 1 mile. Though details on these maps, surveyed in 1891, are in- 
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limestone and limestone breccia. 


Boulders, gravel, sand, and silty 0- 
| clay. 1000 + 
\ Chiefly quartz monzonite 
Mostly varicolored rhyolites with al- 
ternating flows of trachyte, quartz /3500+ 
latite, andesite, and basalt, and beds 
of tuff, flow conglomerate, and 
volcanic breccia. 
Gray to black limestone conglomer- 
ate with chert phenoclasts locally o- 
ibundant; some thin beds of gray | soos 
} limestone, arenaceous shale, and 
olive-brown sandstone. 
Buff to olive-brown sandstone, platy 
white argillaceous limestone,and gray 
limestone, with thin shale lentils and -|j287+ 
beds of reddish-brown to greenish 
white calcareous sandstone and 
arenaceous limestone. 
125 + 
Gray nodular limestone with a few thin] joo 4 
sandstone beds near the bottom. 
=, White to brown sandstone and quartzi- 
tic sandstone with thin beds of gray | 704+ 
limestone and purple arenaceous shale. 
Massive gray arenaceous limestone |is00+ 
and calcareous sandstone with thin ai 
beds of gray limestone. — 
Predominantly gray, buff, and red 
limestone, arenaceous limestone, 
maroon shale, sandstone, and 
limestone-,chert-and quartz-pebble poet 
conglomerate. 
? 
Impure black limestone, sandstone 
and thin shales (Kt), with basal chert-,] 3994 
=|] and quartz-pebble conglomerate and 
/ quartzitic sandstone (Ktcg) 
/ Black limestone with lighter-colored | 
sandy beds in the upper part (mu). | 109+ 
\ Impure shale and sandstone (Jm!) 
Thin-bedded black to blue-gray 200+ 


Ficure 2—Columnar section of northern Quitman Mountain area 
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accurate, the greater prominences were accurately located, and the 
geologic map constructed in the present survey is believed to be very 
satisfactory. 

- After the completion of the field work the Soil Conservation Service 
completed a set of aerial photographs including this area. Although 
many small irregularities of contacts could have been shown on these 
photographs, nothing of import has been lost through lack of them. 
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GENERAL STRATIGRAPHY 


Details of the formations are summarized in the columnar section 
(Fig. 2). Permian, Jurassic, and Cretaceous sedimentary rocks, totaling 
10,000 feet in thickness, are overlain by 3500 feet of Tertiary volcanic 
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rocks. Tertiary and Quaternary gravel, sand, and silt fill the valleys 
and surrounding basins. Three major unconformities, one between the 
Permian and Jurassic systems, another between the Cretaceous system 
and Tertiary volcanics, and a third between the Tertiary volcanics and 
later valley fill break the stratigraphic sequence. 


PERMIAN SYSTEM 
BRIGGS FORMATION 


LitHOLOGY AND THickNess: The Briggs formation is exposed in the 
northwestern part of the northern Quitman Mountains, where it con- 
sists only of the medial Black Brecciated Limestone Member described 
by Albritton (1938, p. 1755) in the adjoining Malone Mountains to the 
north. In Quarry, Second, and Third Hills this member is thin-bedded, 
black to gray limestone with intraformational conglomerate, the amount 
of which decreases to the south. South of Second Hill, the upper half of 
the Briggs is blue-gray limestone. Bedding in the Briggs is commonly 
shown by fine laminae on the weathered surface. When struck with a 
hammer, the Permian limestones in this area characteristically emit a 
fetid odor. 

The exact thickness of the Briggs formation in the northern Quitman 
Mountains is not known because of indefinite contacts. Allowing for 
possible repetition by isoclinal folding, a thickness of approximately 200 
feet is indicated, however, by the Quarry Hill outcrop. The exposed 
thickness diminishes to the south, but at no place in the Quitman Moun- 
tains is the base of the Briggs formation exposed. In the Malone 
Mountains the Briggs formation is at least 630 feet thick (Albritton, 
1938, p. 1753), but here, too, the base is not exposed. 

South of Third Hill relations between the formations, and thus the 
probable distribution of the Briggs formation, become confused because 


of complex folding, igneous intrusions, metamorphism, and alluvial cover. | 


The beds are truncated by the Quitman quartz monzonite about 2 miles 
south of U. S. Highway 80. South of the narrow neck of the quartz 
monzonite and in the bottom of the gully forming Pattillo Pass (PI. 1), 
a coarsely crystalline black marble that emits a strong fetid odor under 
impact of the hammer probably belongs to the Briggs formation. 
Albritton (personal communication) collected selenite near the north- 
western side of the Quitman quartz monzonite while studying the geology 
of the Malone Mountains. Subsequent search has failed to reveal this 
or any similar locality, but, inasmuch as the Briggs formation in the 
Malone Mountains contains abundant gypsum, this specimen indicates 
that there is some Permian east of Quarry, Second, and Third Hills. 
Although some beds are traceable for considerable distances along their 
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PERMIAN SYSTEM 995 
strike, isoclinal folding and metamorphism of the strata to beds of 
marble, and even wollastonite, have made most of the contacts in- 
definable. 

AGE AND CorRELATION: No fossils were found in the Permian in this 
area, but neither were any found in the upper 500 feet of the Briggs forma- 
tion in the Malone Mountains; only the Black Limestone Member in the 
lower part of the formation is fossiliferous. Inasmuch as Albritton (1938, 
p. 1756) correlated this lower member with the Leonard formation of the 
Glass Mountains, the Briggs in the Quitman area is of Leonard, or possibly 
younger Permian, age. 

OricIn: Exposures in the Malone Mountains suggested (Albritton 1938, 
p. 1757) that the Briggs was deposited by recurrent, partial evaporation 
of lagoonal waters largely shut off from an open Leonard (Permian) sea 
to the north. 

JURASSIC SYSTEM 


MALONE FORMATION (EMENDED) 


LitHotocy AND Tuickness: Albritton (1938, p. 1758) divided the 
Malone formation into upper and lower divisions. Only the upper di- 
vision crops out in the northwestern part of the Quitman Mountains; the 
lower division, which on Plate 1 is exposed only on Lone Hill, pinches out 
in the southern tip of the Malone Mountains, just north of Quarry Hill. 
Black limestone grades upward into lighter, arenaceous beds, which are 
the only fossiliferous ones in the upper division of the Malone formation. 
Southward shaly layers and chert pebbles occur in the limestone. Beds 
forming the cuestalike hill facing the Quitman quartz monzonite 2000 
feet southeast of Third Hill are metamorphosed to a hard white rock, 
weathering reddish in places. 

All field evidence suggests that the upper division of the Malone pinches 
out in the vicinity of Pattillo Pass. On Second Hill the Malone forma- 
tion is approximately 50 to 75 feet; this is thinner than in the Malone 
Mountains to the northwest, but thicker than to the southeast. The de- 
crease in thickness and the increase in the amount of coarser clastics are 
probably due to lateral wedging out upon an old Jurassic shore line. 

The Malone formation overlies the Briggs formation unconformably. 
Though not visible at any one outcrop, this unconformity is an angular 
one as pointed out by Albritton (1938, p. 1761). 

AGE AND CorRELATION: The Malone formation is readily traced along 
its strike south from the Malone Mountains to the region of contact- 
metamorphic effects. The presence of T'rigonia praestriata and associated 
fossils indicates the Malone age of the beds outside the more intense con- 
tact-metamorphic zone. Likewise, Lucina potosina indicates the existence 
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of at least some Malone in the metamorphic complex bordering the Quit- 
man quartz monzonite. Albritton (1938, p. 1764) has correlated the 
upper division of the Malone formation with the upper Portlandian. 

Oricin: On the basis of lithology and southward thinning, it appears 
that the upper division of the Malone was laid down in shallow water 
near shore. Actually, the Malone shore line must have been near Pattillo 
Pass. The Malone formation was laid down in an enlarging bay of the 
Jurassic sea that lay to the south and west. Continued subsidence of the 
shore line led to a transgression of marine waters over the land. The 
scope of this transgression is indicated by the overlap to the northeast of 
the succeeding Lower Cretaceous formations. 


CRETACEOUS SYSTEM 
TORCER FORMATION (EMENDED) 


LirHOLoGy AND THICKNEssS: Two distinct lithologic units compose the 
Torcer formation, which crops out only in the northwestern part of the 
northern Quitman area (Pl. 1). At the base a quartz- and chert-pebble 
conglomerate grades upward into a quartzitic sandstone. The pebbles are 
exceedingly well rounded. Southward the sandstone contains irregular 
pods and patches of limestone, which weather into pitted surfaces. These 
bits of limestone are commonly very fossiliferous, particularly in the 
upper layers of the quartzite. At Third Hill the chert- and quartz-pebble 
conglomerate has almost disappeared; only sandstone, containing some 
pebbles, is left. For this reason, the basal Torcer, which is such a good 
horizon marker in the Malone Mountains, is not useful in the metamorphic 
zone around the Quitman pluton. 

The Torcer proper is predominantly impure black limestone and sand- 
stone with abundant thin shale layers. The shale has been metamorphosed 
to layers of hornfels, 1 to 2 inches thick, which stand in relief on the 
weathered surface. Within the black limestone are numerous arenaceous, 
buff-weathering beds and some fine-grained, black limestone conglomerate. 
The Torcer crumbles much more readily under the impact of the hammer 
than either the Briggs or Malone formations. In the lower limestone beds 
of the Torcer formation, above the basal quartzite, rather numerous 
rudely ellipsoidal pisolitic concretions, are best exposed on the southern 
end of Quarry Hill. 

The writer believes that most of the sedimentary rocks within the con- 
tact-metamorphic zone along the northwestern edge of the Quitman 
quartz monzonite belong to the Torcer formation. The rocks consist of 
white, buff, gray, and black limestones with interbedded conglomerates 
and sandstones. The conglomerates are extremely patchy and usually 
formed of limestone, although they contain some chert. Bleaching near 
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CRETACEOUS SYSTEM 997 
the intrusive contact, plus silicification and recrystallization, discontinuous 
outcrops, the lenticular nature of many beds, and lateral gradation into 
different types of sediments did not permit the detailed structure and 
lithology of this section to be worked out within a permissable length of 
time. 

The basal quartzite member of the Torcer formation thins to the 
south and is only about 10 feet thick in Third Hill. The thickness of the 
upper member is probably of the order of 300 fee*. 

The Torcer formation conformably overlies the Malone formation; the 
contact, wherever observed, is a narrow gradational zone. 

AGE AND CorRELATION: Fossil evidence for the age of the Torcer forma- 
tion is cited by Albritton (1938, p. 1765). Many of the same fossils were 
collected in the Quitman area, and, therefore, indicate the same age. 
Inasmuch as the Torcer is conformable upon the Jurassic Malone forma- 
tion, it is believed to be the lowermost Cretaceous in Texas (Adkins, 1932, 
p. 286). It is probably correlative with the Valanginian of Europe (Albrit- 
ton, 1938, p. 1766). 

Oricin: The Torcer formation was deposited in the inner neritic zone 
of the northeastward-transgressing early Cretaceous sea. Extreme variety 
and quick lateral gradation are characteristic of inner neritic facies. In 
addition, Albritton (1938, p. 1766) points to the mixing of fresh-water 
and marine faunas as indicative of near-shore deposits. 

The close of the Jurassic and beginning of the Cretaceous was probably 
marked in this area by a slight uplift of brief duration, as shown by the 
basal conglomerate and sandstone of the Torcer. Following the initial 
uplift, the sea again transgressed steadily and the rest of the Torcer for- 
mation was deposited. 


YUCCA FORMATION 


LirHoLocy AND THICKNEss: The Yucca formation is exposed in Bluff 
Mesa, Quitman Gap, and Big Gulch in the northern Quitman Mountain 
area. In these localities thin-bedded, bright-red, buff, purple, yellow, 
green, and gray arenaceous limestones and shales, with sandstones, quart- 
zites, and occasional limestone-, chert-, and quartz-pebble conglomerates, 
compose most of the formation. 

One bed of fine chert-pebble conglomerate on the southeastern prong 
of Bluff Mesa is 10 feet thick. Other beds, containing a few small pebbles 
are locally common. The largest phenoclasts observed in the con- 
glomerates were limestones 9 inches in diameter. Massive gray lime- 
stone beds are seldom more than 6 feet thick. Thin sandstone lentils, 
calcareous sandstones, and quartzites are commonly cross-bedded. The 
quartzites are locally very coarse and grade into quartz-pebble con- 
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glomerate. Mottled red, yellow, and gray, dense limestones are common; 
they grade into mottled, coarsely crystalline limestones that shatter when 
struck with the hammer. Locally, the limestones are nodular. Weathered 
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Figure 3—Correlation of formations 
In the northern Quitman Mountains and adjoining areas. 


surfaces of the dense limestone are characterized by mellow and creamy 
hues. Pisolites, as large as 1 inch in diameter, form a large part of several 
limestone beds in the Yucca formation near the northern base of Bluff 
Mesa. These were first noted by Taff (1890, p. 726-727) and are similar 
to those described by Smith (1940, p. 604) in the Devil Ridge area. 

The maroon shales and many of the limestones are generally covered by 
alluvium, but the quartzitic sandstones form eminences. Many beds that 
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CRETACEOUS SYSTEM 999 
appear to be rough sandstones on weathered surfaces are actually very 
arenaceous limestones. Quartzites are apparently most abundant in the 
middle of the section exposed at Quitman Gap. Quartz-pebble con- 
glomerate and sandstone are also much more numerous here than in Bluff 
Mesa. Smith (1940, p. 604-605) likewise noted a westward increase of 
elastics in the Yucca of the Devil Ridge area. Stratigraphic Sections 2 
and 3 give the detailed variations in the lithologic characteristics of the 
Yucca formation. 

At the northern end of Bluff Mesa, 1116.5 feet of Yucca is exposed; in 
Quitman Gap, 5517.5 feet. At neither locality is the base of the forma- 
tion exposed. 

The contact between the Yucca and the underlying Torcer formation is 
nowhere exposed, unless it be in the contact metamorphic rocks of Big 
Gulch. In this area the folded Torcer along the northwestern edge of the 
Quitman Mountains appears to plunge conformably under the Yucca, 
although the two areas of outcrop are separated by a narrow band of the 
Quitman quartz monzonite. The writer believes it highly probable that 
the contact is conformable. Albritton (1938, p. 1768), with perhaps more 
justification, also concludes that the Las Vigas (?), equivalent of the 
Yucca, is essentially conformable with the Torcer. 

Previous TERMINOLOGY: Beds correlative with parts on all of the 
Yucca formation have previously been mapped or designated by other 
names in portions of the Quitman area. Taff (1890, p. 730) gave the 
name “Mountain bed” to the Yucca in the Quitman Gap section. The 
“Mountain bed” apparently slightly overlaps the boundary the writer has 
established between the Yucca and Bluff formations in Quitman Gap 
(see section on Problem of Yucca-Bluff contact), as Taff (1890, p. 730) 
found oyster-shell limestones near the base. Actually, these limestones 
are near the top, for Taff did not realize that the beds in Quitman Gap 
are on the overturned limb of an anticline. The writer would put these 
oyster-shell limestones in the lowermost part of the Bluff formation. 

Baker (1927) erroneously mapped the Yucca as Cox. The Las Vigas (?) 
formation in the Malone Mountains is evidently the same as the 
Yucca. It is recommended that this earlier and diverse terminology for 
all, or parts, of the same formation be abandoned in favor of the name 
Yucea. 

AGE AND CorRELATION: Inasmuch as the Yucca conformably underlies 
the Bluff formation of Glen Rose age, it is probably lower Trinity in age. 
Fossils are absent or very rare in the Yucca; no identifiable specimens 
were found. Evidence for dating of the Yucca formation is given by 
Smith (1940, p. 605). The Yucea is correlated with the Las Vigas (?) 
formation of the Malone Mountains, and thus again, indirectly, as Trinity 
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in age (Fig. 3). The Mountain beds of Taff in Quitman Gap are about 
equivalent to the Yucca. 

Oricin: Thin-bedded limestones, shales, and sandstones, with oc- 
casional conglomerates, indicate a near-shore neritic facies. As the Yucca 
formation was deposited in shallow coastal waters of a sea transgressing 
northward over an uneven land surface, they must also be marginal in part. 

Smith (1940, p. 607-68) postulated an arm of the sea, designated Sierra 
Blanca bay, in the Devil Ridge area during early Trinity time. The 
northwestward-projecting peninsula on the southwest side of the bay 
occupied approximately the present position of that part of the Quitman 
Mountains south of Quitman Gap. Numerous quartz-pebble and lime- 
stone-cobble conglomerates in the middle of the Yucca formation in Quit- 
man Gap are additional evidence for the existence of Sierra Blanca bay. 
These beds were probably derived from the peninsula Smith postulates. 
Though fine chert- and limestone-pebble conglomerates are common in the 
exposures at Bluff Mesa, quartz-pebble conglomerates are absent. The 
exposed thickness of the Yucca formation at Bluff Mesa and in the Devil 
Ridge area is probably of the order of 1500 to 2000 feet. The exposed 
thickness increases to 5500+ feet in Quitman Gap, where deposition was 
nearer the center of the geosyncline. 


BLUFF FORMATION 


LirHoLocy AND THIcKNEss: The type locality of the Bluff formation is 
at Bluff Mesa, where the massive, cliff-forming limestones are well ex- 
posed (Taff, 1890). Outcrops of the Bluff are more extensive than those 
of any other formation mapped in this survey and characteristically hold 
up many of the elevations. 

Massive gray limestone, odlitic limestone, arenaceous limestone, and 
calcareous sandstone form most of the Bluff. One bed of quartzite 40 feet 
thick crops out on the western side of Bluff Mesa about two-thirds of the 
distance up from the base of the formation. Lentils of sandstone, 1 to 2 
inches thick and with a horizontal extent of one to tens of feet, are con- 
spicuous in some of the thick arenaceous limestone beds. On weathered 
surfaces the resultant banding is distinct, though there is no prominent 
differential relief. Other massive beds of limestone are formed chiefly by 
a multitude of minute fossil fragments and some grit. Locally, small beds 
of fine chert- and limestone-pebble conglomerate occur. Cross-bedding 
is common in the sandstones and some of the arenaceous limestones. 
Secondary calcite veins and veinlets are more abundant in the massive 
Bluff beds than in any other formation. This is particularly true near 
the axes of folds, where the beds have been crushed. 
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There is a zone in the Bluff formation in which pieces of petrified wood 
as much as 1 foot in diameter are found; the zone is at about the level 
of beds 205 to 215 at Quitman Gap (see Stratigraphic Section 2.) This 
petrified wood zone was observed on western Bluff Mesa, Bug Hill, and 
Double Hill. Albritton (1938, p. 1768) also notes petrified logs in the 
Glen Rose formation, equivalent of the Bluff formation, in the Malone 
Mountains. 

Lower Bluff strata on the west side of the Quitman Mountains between 
King and Fox Canyons contain numerous small oyster reefs, seldom more 
than 10 feet wide and 2 feet thick. Hxrogyra quitmanensis is particularly 
abundant in these reefs. Thin lenses of limestone are also common. 

Southwest from Bluff Mesa lateral changes in facies are noted in the 
Bluff formation. At Bluff Mesa the massive Bluff beds are distinctly 
different from the beds in the Yucca formation, and are generally gray. 
However, to the southwest the strata become colored, and the massive 
limestones are commonly red, brown, purple, and yellow. Moreover, the 
number of thin beds in the lower Bluff formation increases. Lithologic 
evidence which serves to distinguish Yucca from Bluff in the eastern area 
is no longer valid. Paleontology is the chief remaining method. 

The writer measured no complete sections of the Bluff, but the thickness 
probably ranges from about 1500 feet in the east to over 2000 feet in the 
west. 

The Bluff formation is conformably underlain by the Yucca formation 
and is apparently conformably overlain by the Cox. The Cox-Bluff con- 
tact is not exposed in this area, but the outcrops indicate a probable con- 
formable relationship, as is true in the surrounding areas. 

ProBLeM oF Yucca-Buiurr Contact: At the type locality of the Yucca 
in Yucca Mesa, which lies 4 miles south of the town of Sierra Blanca, and 
at the type locality of the Bluff in Bluff Mesa, the contact between these 
two formations is very sharp. However, to the west, and particularly in 
Quitman Gap, this is no longer true; facies changes have substituted a 
transitional zone several hundred feet thick for this sharp contact. No 
longer are thin, colored beds indicative of the Yucca exclusively, nor are 
the more massive gray limestones indicative of the Bluff alone. Fossils, 
some of which are characteristic of the Bluff, are abundant in the upper 
colored beds of this transition zone. Thus, the lithologic and paleontologic 
facies seem to cross. 

Therefore, the Yucca-Bluff contact around Quitman Gap is rather 
arbitrary, and the writer established it at the bottom of the lowest fossil- 
iferous bed in this transition zone. (See Stratigraphic Section 2.) This 
transition zone is probably either partly or fully equivalent to the Cuchillo 
formation of the southern Quitman Mountains and northern Mexico 
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(Adkins, 1932, p. 282, Fig. 15), as the Cuchillo wedges out northward. The 
writer sees no justification for establishing a third formation, the Cuchillo, 
at this point, inasmuch as fossils characteristic of the Cuchillo to the south 
are index fossils of the Bluff to the north. This problem, which bears 
chiefly on the Quitman Gap portion of the area studied in this survey, can 
not be decided until the southern Quitman Mountains are mapped and 
precise paleontologic data are obtained. The writer believes that the 
establishment of two type sections, one for the near-shore and marginal 
facies of the Lower Cretaceous, as found in Devil Ridge and adjoining 
areas to the northwest, and one for the geosynclinal facies, as found in the 
southern Quitman Mountains and adjoining parts of northern Mexico, will 
most satisfactorily handle this regional problem. 

Previous TERMINOLOGY: Both the Bluff and Finlay formations have 
been called Finlay by Baker (1927). This error apparently was made be- 
cause Baker (1927, p. 21) observed in the Finlay limestone, at its type 
locality in the Finlay Mountains, “the same silicified Radiolites-like 
fossil that occurs in undoubted Trinity beds south of Sierra Blanca”. 
Either this “Radiolites-like” fossil has a stratigraphic range that includes 
the Bluff and Finlay formations, or else the “undoubted Trinity beds south 
of Sierra Blanca” were, in reality, Finlay strata of Fredericksburg age. 

Taff (1890, p. 728, 730) divided the rocks at Quitman Gap into two 
“beds”, the Mountain bed and the Quitman bed. The Mountain bed is 
about equivalent to the Yucca formation; the Quitman bed is equivalent 
to the lower part of the Bluff formation. Therefore, these two terms 
should be abandoned. Although this fact has already been recognized by 
Baker and Adkins (1932, p. 285), the terms Mountain and Quitman, in 
place of the Yucca and Bluff formations, were incorporated in a recent 
paper (Stephenson et al., 1942) on the correlation of Cretaceous for- 
mations. 

Ace AND CorrELATION: The Glen Rose age of the Bluff formation is 
definitely established by several zones of the foraminifer Orbitolina 
texana. The Glen Rose in the Malone Mountains is the equivalent of the 
Bluff in the northern Quitman, Devil Ridge, and Sierra Blanca areas 
(Fig. 3). 

No attempt was made to work out the paleontology of this area, as it 
is a regional problem. However, among the scattered fossils collected 
from the Bluff were: Orbitolina terana, Exogyra quitmanensis, Exogyra 
texana, Porocystis globularis, Trigonia sp., Pecten, Protocardia, Hete- 
raster, Lunatia, worm tubes, large coral heads, large gastropods (over 6 
inches in length), and various other unidentified pelecypods. 

Ortctn: The Bluff formation was laid down in the shallow Trinity seas. 
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The gritty and arenaceous nature of most of the beds, the presence of 
petrified wood, fine conglomerates, and cross-bedding indicate a marginal 
to near-shore neritic facies. 

COX FORMATION 

LirHOLoGy AND TuHIcKNEss: In the area mapped the Cox formation is 
found only in Texan Mountain and Brush Hill, a small hill immediately 
west of Bluff Mesa (Pl. 1). The Cox formation consists predominantly 
of whitish to buff and reddish-brown sandstones and quartzites, with thin 
intercalated beds of dense dove-gray to greenish-bluff limestones and 
purple to greenish arenaceous shales; locally, the shales grade laterally 
into silty sandstone. Some buff arenaceous limestone is found, and fine 
limestone- and chert-pebble conglomerate is present, though rare. Limo- 
nite stains, ¥ to 1% inch in diameter, are common in the sandstones and 
quartzites. 

In Texan Mountain and Brush Hill the Cox formation differs some- 
what from that in the Devil Ridge area, where limestones are scarce 
and massive beds of sandstone and quartzite are as thick as 10 feet (Smith, 
1940, p. 611, 612). Thin beds of limestone and arenaceous shale are fairly 
abundant in Brush Hill, where neither top nor bottom of the formation is 
exposed. The amount of Cox in Texan Mountain is not known, though 
the exposed thickness is probably over 500 feet. 

Though the contact of the Cox with the underlying Bluff formation is 
not exposed, it is believed to be conformable here, as in adjacent areas 
(Smith, 1940, p. 612). West of Bluff Mesa the contact of the Bluff and 
Cox formations is covered by fill, but parallelism of strikes and dips of 
beds in the two formations, where exposed on Bluff Mesa and Brush Hill, 
is indicative of essentially conformable relations. 

Ace: The Cox here, as in the Devil Ridge area, appears to be upper 
Trinity and lower Fredericksburg in age (Smith, 1940, p. 612). 

Origin: During Cox time the early Cretaceous seas were still encroach- 
ing upon the land to the north and east. The Cox was deposited in the 
shallow coastal waters, but increased amounts of limestone and shale 
at Brush Hill indicates that they were probably deposited farther offshore 
than the purer sandstones now exposed in Texan Mountain. 

The Cox is 704 feet thick in Brush Hill, but only 557 feet south of Yucca 
Mesa (Smith, 1940, p. 613). This increase indicates that the Cox now 
exposed in Brush Hill was deposited either in a basin or farther from 
shore than the Cox now exposed south of Yucca Mesa. Otherwise, a 
facies change is indicated, and the limestones of the upper part of the 
Bluff formation, exposed on the south side of Yucca Mesa, are equivalent 
to the lower beds of the Cox formation on Brush Hill. 
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FINLAY FORMATION 


LiTHOLOGY AND THICKNEss: The only exposure of the Finlay formation 
in the area covered in this survey is on Texan Mountain, where it is dense 
gray limestone, commonly nodular. Cracks between the nodules, which 
average 3 to 4 inches in diameter, are locally pinkish. The massive lime- 
stone beds are seldom over 3 feet thick. A few thin sandstone beds are 
present, particularly in the lower part of the formation. Arenaceous 
limestones, so typical of the Bluff formation, are generally rare in the 
Finlay. Only the lower 100 feet or less of the Finlay formation is ex- 
posed. 

At Texan Mountain the Finlay formation overlies the Cox formation 
conformably. The contact is transitional over 30 feet or so, with the 
uppermost Cox containing thin beds of limestone. In the lowermost 
Finlay the limestones are very fossiliferous; some thin beds of sandstone 
are present. A quartz latite sill, containing large orthoclase phenocrysts, 
has been intruded near the Cox-Finlay contact. 

In Texan Mountain only the lower Finlay is exposed, because erosion 
has stripped off all overlying beds. However, in the Sierra Blanca area 
to the north the Finlay formation is conformably overlain by the soft, 
light-colored Kiamichi sandstones (Boon, personal communication). 

Ace: A zone of Orbitolina walnutensis about 50 feet above the Cox- 
Finlay contact, on the crest of Texan Mountain just south of the pass 
across it, indicates that the Finlay formation is Fredericksburg in age. 

Orictn: The limestones in the Finlay formation are the purest mapped 
in this survey. Clastic materials are apparently rare because the shore 
line was farther north and east than durirg Trinity and early Fredericks- 
burg time. The Finlay formation represents a neritic facies deposited 
in shallow waters of the Fredericksburg sea. 


KIAMICHI FORMATION 

LITHOLOGY AND THICKNESS: The Kiamichi formation is not exposed 
in the northern Quitman area. However, in the adjoining Sierra Blanca 
area to the north, the Kiamichi, about 125 feet thick, consists of brown 
to buff sandstone, arenaceous limestone, and clay. 

The Kiamichi conformably overlies the Finlay formation and is con- 
formably overlain by Washita strata, equivalent to the Espy formation 
of the Quitman Mountain area. 

Ace: The Kiamichi formation is upper Fredericksburg in age. 


ESPY FORMATION 


NAME AND Type Loca.ity: Within the general Sierra Blanca region, 
Washita strata have never been assigned a formational name. Fossils 
are too scarce to allow subdivision into formations corresponding to those 
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in northeastern Texas; moreover, satisfactory subdivision could scarcely 
be made on the basis of lithology, for the rocks are similar throughout 
most of the region. The writer proposes the name Espy formation for 
the Washita beds mapped by Smith (1940, Pl. 1) east of Love Hogback 
and the southeastern part of Devil Ridge. The name Espy is taken from 
the Espy Ranch about 10 miles east of Love Hogback. The low hills 
upheld by Washita strata east of Love Hogback and the southeastern 
part of Devil Ridge are thus designated the type locality of the Espy 
formation; Smith (1940, p. 629) has measured a section across the most 
typical outcrops. Within the formation, the writer would include the 
few beds at the base of the Washita that are now unexposed in the Devil 
Ridge area. 

LITHOLOGY AND THICKNEss: At the type locality, where the exposed 
thickness is 1021 feet, the Espy formation is chiefly thin beds of almost 
pure dense gray limestone, with buff marly limestone, brown sandstone, 
and a few interbedded shale layers (Smith, 1940, p. 616). 

Within the northern Quitman Mountain area, the Espy formation, 
which crops out only in the hills within a radius of 4 miles south and 
west of Etholen station, consists of three members (see Stratigraphic 
Section 1), particularly distinctive in Tarantula Hills. The two lower 
members are well metamorphosed, especially near the Quitman quartz 
monzonite. 

The lowest member is primarily light- to dark-gray and bluish lime- 
stone, slightly arenaceous, with small lentils and thin intercalated layers 
of shale and sandy shale. Most of the shaly layers are metamorphosed 
to hornfels, which forms prominent ridges on the weathered surfaces. 
The intermediate strata in this lower member are chiefly quartzite, 
reddish-brown to greenish-white calcareous sandstone, thin-bedded are- 
naceous limestone, and platy white argillaceous limestone, all strongly 
metamorphosed. Massive limestones are more common in the upper part 
of the member, though they also occur in the lower exposed beds in the 
Quitman area. The only measured section of the Espy formation in 
the Quitman area shows the lower member to be 679.5 feet thick. (See 
Stratigraphic Section 1.) 

In Tarantula Hills the middle member of the Espy formation consists 
of platy white, thin-bedded to laminated, arenaceous to argillaceous lime- 
stone. Some of the platy layers may have been calcareous shales before 
metamorphism. In Tarantula Hills (see Stratigraphic Section 1) the 
middle member is 340.5 feet thick. To the south, it either pinches out 
or disappears because of a facies change in the vicinity of Cedar Hill 
(Pl. 1). 
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The upper member of the Espy formation, principally buff and olive- 
brown sandstone, is best developed and exposed at the base of the 
Etholen Knobs, although it also outcrops in Tarantula Hills and Caliche 
Hill. On the Etholen Knobs, numerous thin, olive to purplish-black 
shaly layers are interbedded in the sandstone. Cross-bedding and good 
ripple marks are present. On the Etholen Knobs the sandstone contains 
several beds of shell breccia about 8 inches thick; elongate and round 
calcareous concretions, commonly with some septarian structure, are 
locally common. The upper member of the Espy formation is about 
266.5 feet thick in Tarantula Hills. It appears to pinch out in the direc- 
tion of Cedar Hill. (See section on Etholen formation—Lithology and 
thickness.) The top two members of the Espy formation are limited 
areally and appear to have been deposited in a shallow, north-south 
basin; the members probably pinch out in both these directions. 

The Espy formation is 1286.5 feet thick in Tarantula Hills. (See 
Stratigraphic Section 1.) Although the base of the formation is not 
exposed there, Stratigraphic Section 1 probably includes almost the low- 
est, if not the lowest, beds exposed in the northern Quitman Mountain 
area. 

SrrucTurRAL RELATIONSHIPS TO ADJACENT Formations: The base of 
the Espy formation is not exposed in the northern Quitman Mountain 
area; consequently, the structural relationship to underlying formations 
of the Fredericksburg group is not certainly known. In adjacent areas, 
however, relations appear conformable (Smith, 1940, p. 616; Boon, per- 
sonal communication). 

The Espy formation is conformably overlain in the Devil Ridge area 
by a group of shales designated as Eagle Ford by Smith (1940, p. 616). 
In the northern Quitman area the Espy is conformably overlain by the 
Etholen formation; the contact between the two formations is very 
sharp. The Espy formation in the northern Quitman area is equivalent 
to the lower two thirds of the Espy formation in the Devil Ridge area. 

AGE AND CorrELATION: Metamorphism has destroyed most of the fossils 
in the Espy formation in the northern Quitman Mountain area. The 
few remaining fossils are so difficult to identify that it is impossible to 
correlate this formation with equivalents in northeastern Texas. Pecten 
terana and Haplostiche texana in the lower member merely prove that 
it is Washita in age. The middle member seems to be completely unfos- 
siliferous. The numerous shell breccia beds in the upper sandstone mem- 
ber are composed of fragments of pelecypods, most of which are probably 
Gryphea, Exogyra, and Ostrea. One small Pecten, about half an inch 
long and characterized by fine ribs, was found in one breccia. Inasmuch 
as only the genus of fossils in the upper member can be determined, 
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there is no conclusive evidence for its age. However, the characteristics 
of the observed fauna, including the Pecten, indicate that the upper 
member is also Washita in age. One Washita outcrop north of McNulty 
Peak, in the Sierra Blanca to the north, is lithologically identical with 
the upper member of the Espy; this outcrop carries the rare echinoid 
Leiocideras hemigranosus and other Washita fossils. Additional evidence 
is given in the section on the age and correlation of the Etholen formation. 

The Espy formation in the Devil Ridge area has been called George- 
town and possibly Grayson (Smith, 1940, p. 616). 

Ortcin: The Espy formation was laid down in shallow Cretaceous 
seas. At least the lower part of the formation was probably deposited 
farther from shore than any of the earlier Cretaceous formations. The 
Washita shore line was north and east of the Cornudas Mountains and 
Sierra Prieta (Fig. 1), as Washita beds are found at these localities 
(Adkins, 1932, p. 362). The change from arenaceous and argillaceous 
limestone in the middle member to sandstone in the upper member 
appears to be due to uplift of the region to the north. The small areal 
extent of the upper two members indicates that they were probably 
deposited in a shallow basin. A fuller discussion of the origin of the 
Espy formation is deferred to the section on the origin of the Etholen 


formation. 
ETHOLEN FORMATION 


LITHOLOGY AND THICKNEss: The type locality of the Etholen forma- 
tion is in the Etholen Knobs (Taff, 1890, pp. 723-724). 

The Etholen formation is composed of gray to black limestone con- 
glomerate, with occasional thin lentils and beds of arenaceous shale, 
buff to olive-brown sandstone, gray limestone, and red nodular lime- 
stone. Pure, coarse calcite locally forms the matrix of the conglomerate; 
the quarry on Etholen Hill is the best locality to observe this striking 
feature. Most of the limestone matrix and limestone interbeds are 
gray to whitish. 

The limestone phenoclasts, exceedingly hard and dense, are generally 
well rounded (PI. 3, fig. 3). Some are predominantly gray to black; 
buff and rare red phenoclasts are lithologically similar to the dense 
colored limestones of the Yucca formation. The amount of chert (or 
flint) in the conglomerate differs from place to place; generally black, 
it occurs both as bands in limestone phenoclasts and as individual phen- 
oclasts. Many phenoclasts of light-gray to white Permian limestone, 
usually coarsely crystalline and fossiliferous, emit a strong fetid odor 
when struck with the hammer. On weathered surfaces protruding phen- 
oclasts of arenaceous to black cherty limestone are yellowish to blackish 
browns. Such pebbles are usually cracked and etched along the bedding 
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planes. Other limestone fragments weather evenly with the matrix 
and form a mosaic. A distinct coarse banding or bedding is brought 
out upon the weathered surfaces of many of the phenoclasts. 

Boulders grade into fine grits and sands. The largest limestone 
boulder observed was 18 inches in diameter; the largest pure chert phen- 
oclast observed was 6 inches,in diameter. The coarsest conglomerate 
is in Caliche Hill, where phenoclasts average 4 to 5 inches in diameter. 
The average diameter is 2 inches in the smaller of the Etholen Knobs, 
but there is extreme variation in size. 

The greatest thickness of the Etholen formation, about 500 feet, 
occurs in Etholen Hill, away from which the formation appears to 
become thinner. On the southeastern end of Cedar Hill (Pl. 1) a few 
of the uppermost limestone beds, mapped as Kes, contain disseminated 
chert grains and pebbles; locally they are almost numerous enough to 
make small patches of conglomerate. These beds overlie the lower 
member of the Espy formation, and the writer believes that they may 
be western extensions of the Etholen as it pinches out laterally. If the 
Etholen formation rests directly on the lower member of the Espy forma- 
tion, the upper two members of the Espy formation pinch out some- 
where north and east of Cedar Hill. 

The Etholen formation appears to occupy a large syncline, upon which 
the central dome of Etholen Hill has been superimposed. The upper 
contact oi the Etholen formation is nowhere exposed. 

AGE AND CorRELATION: Although the Etholen formation has always 
been considered lower Cretaceous, at various times other conglomerates 
cropping out in the Malone Mountains, Devil Ridge, and Eagle Moun- 
tains, now known to range from Permian to Cretaceous, have been 
correlated with it. Outcrops of the true Etholen formation are limited 
to an area of about 8 square miles surrounding Etholen station. Most 
recent literature has erroneously assigned the Etholen to the basal 
Trinity (Baker, 1927, p. 15; Adkins, 1932, p. 292, Fig. 15); the Etholen 
is actually at the top of a conformable sequence overlying proved 
Washita beds in the Tarantula Hills. 

Evidence within the Etholen formation merely indicates a_post- 
Permian age, as many phenoclasts are composed of the soft, brittle 
Permian limestones that give off a fetid odor when struck; the pheno- 
clasts, which also carry Permian fossils, are best observed on the larger 
of the Etholen Knobs. No fossils were found within the matrix of the 
conglomerate or within the associated lenses of sandstone, shale, and 
limestone. Although red and yellow phenoclasts strongly resemble lime- 
stones of the Yucca formation, such lithologie evidence is inconclusive. 

Beyond the area covered by Plate 1, north of McNulty Peak, the 
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westernmost and third largest of the Sierra Blanca, a well-exposed, 
though small, area of black to olive-gray shales is found. Thin beds 
of olive-brown sandstone and gray nodular limestone, generally 6 inches 
or less thick, are interbedded with the shales. Selenite is locally abun- 
dant. These beds of shale overlie northern adjoining limestones of 
Washita age. The presence of Gryphea, Pecten, echinoids, and numer- 
ous ammonites (Pervinquieria) leads the writer to believe these shales 
are also Washita in age. There is an angular unconformity within the 
shales, approximately 150 feet above their contact with the limestones 
of Washita age (Pl. 3, fig. 4). The writer believes that the middle 
member of the Espy formation in Tarantula Hills is essentially correla- 
tive with the shales below the unconformity and above the limestones. 
He also believes that the upper sandstone member of the Espy forma- 
tion and the Etholen conglomerate were being deposited in the south 
while this unconformity was forming in the north. This belief is based 
on the work of Boon in the Sierra Blanca area. Inasmuch as beds 
above and below this unconformity are Washita, the Etholen, and thus 
the upper part of the Espy, are presumably Washita in age. 

The absence of fossils in the matrix of the Etholen formation makes 
correlation with other formations impossible at this time. 

OrtcIn: Because the coarsest phenoclasts are in Caliche Hill, the 
Etholen formation was probably derived chiefly from near-by outcrops 
to the northeast, now covered. 

Toward the close of Washita time, the northern Quitman area began 
to rise slowly, causing a change from pure limestones at the top of 
the lower member of the Espy formation to arenaceous and argillaceous 
limestones of the middle member. North of McNulty Peak, nearer the 
shore line, shales were laid down. Continued emergence and tilting 
finally stopped deposition in part of the Sierra Blanca area, and the 
previously deposited beds were beveled. This same interval was marked 
in the northern Quitman area by a change from argillaceous and are- 
naceous limestones to calcareous sandstones of the upper member of 
the Espy formation, culminating in the deposition of the Etholen con- 
glomerate. Subsequent sinking of the sea bottom and adjacent lands 
brought about renewed deposition of shales in the Sierra Blanca area; 
the angular unconformity marks the time of maximum elevation. 


CENOZOIC SYSTEM 


IGNEOUS ROCKS 


Igneous rocks of the northern Quitman Mountains consist of both 
voleanic and intrusive rocks; they are fully described in the second 
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part of this paper. Although Tertiary, the igneous rocks are older than 
the basin fill, as lava and intrusive fragments compose most of the fill 
near the mountains. 

BASIN FILL 

LirHoLocy: Boulders, gravel, sand, silt, and clay are found in the 
basins, their proportions to each other depending upon proximity to the 
mountain slopes from which the detrital material is derived. At the 
head of large fans that come out of the valleys in the northern Quitman 
Mountains, boulders 6 to 7 feet in diameter are common, but the average 
diameter is closer to 1 foot. The sediments get finer toward the centers 
of the basins, where clays and silts predominate. 

Locally, and particularly in the bottoms of arroyos and smaller drain- 
age channels, caliche has cemented the basin fill into conglomerates. 
Where thin films of calcium carbonate hold the pebbles together, rather 
hard conglomerates have also formed; the most noteworthy examples are 
in the walls of some of the arroyos on the northwestern side of the 
Quitman Mountains. 

THICKNESS AND STRUCTURAL RELATIONSHIPS TO UNDERLYING Rocks: 
Little information is available on exact thicknesses of basin fill within 
the Quitman area. Three hundred yards east of the outer contact of 
the lava and alluvium, southeast of Hector Knob, a dry well in an 
arroyo has been dug about 80 feet in fill without hitting bedrock. The 
town well of Sierra Blanca, approximately half a mile east of the nearest 
outcrops of Cox sandstone on Texan Mountain, was drilled 800 feet 
in alluvium without touching bedrock. Outside of the area mapped 
wells up to 4910 feet deep (Baker, 1927, p. 38) do not reach bedrock 
in the bordering Hueco Basin. Average depth of basin fill within the 
northern Quitman area is probably well under 1000 feet. 

The basin fill lies with angular unconformity upon the underlying 
Permian, Jurassic, Cretaceous, and Tertiary rocks. 

AGE AND CorrELATION: The basin fill, mapped as one unit, is prob- 
ably Tertiary and Quaternary (Albritton, 1938, p. 1769). 

Recent fill of at least two different ages is exposed in the walls 
of the Quitman Gap arroyo, half a mile east of the contact of the basin 
fill and the Bluff formation. The more recent fill unconformably over- 
lies an older fill; both are capped by calichified layers. Much channeling 
of the older fill, apparently deposited by a stream flowing perpendicularly 
to the present arroyo, is evident in some localities. The younger fill is 
possibly correlative with the Kokernot of the Davis Mountain area 
(Albritton and Bryan, 1939, p. 1441). 
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STRATIGRAPHIC SECTIONS 


The numbers of the following sections correspond with traverses shown 


on Plate 1. 
Section 1 


(Tarantula Hills; descending order) 
Lower CRETACEOUS 


Espy formation, upper member 
22. Dense fine greenish calcareous sandstone; partly metamorphosed. 
Exposed in a rill. Base of Etholen formation at top of this bed 
21. Covered by alluvium. Most of this is probably the same as bed 22 


Espy formation, middle member 


20. Platy white arenaceous and argillaceous limestone, weathering red- 
dish brown, buff, and greenish white; well metamorphosed...... 


Espy formation, lower member 
19. Massive dark-gray limestone (marble), with some grit............ 
18. Massive gray arenaceous limestone, with extremely fine reddish- 

brown shaly sand patches. Contains a few Haplostiche texana 
and some pelecypod 
17. White platy limestone, with fine interbedded layers of shaly sand- 
16. Reddish-brown to greenish-white fine-grained sandstone, weather- 
15. Gray to greenish-white platy arenaceous limestone; partially cov- 
14. Extremely fine-grained greenish-white to buff platy calcareous 
quartzite, with some small lenslike limy layers................ 
13. ag arenaceous limestone, with intercalated shaly and sandy 
12. Covered; probably greenish-white to reddish-brown platy calca- 
reous sandstone. Very 
10. Coarse greenish-brown quartzite with some calcareous layers; 
9. Extremely fine-grained greenish-buff platy quartzite, with some 
thick layers of gray to white limestone included............... 

. White to greenish-brown quartzite and sandstone, with interbedded 
gray calcareous layers. Rather platy......................40.- 

A — sandy limestone, with thin interbedded layers of horn- 

. Greenish platy sandstone with limestone interbeds. Well meta- 

. Mottled gray, greenish, and white marble; mostly covered by 

. Covered by alluvium; probably platy calcareous standstone...... 

. Platy calcareous sandstone, with alternating thin limy layers...... 

. Platy calcareous sandstone; metamorphosed; partially covered 

. Chalky white, altered marble; contains fossils altered to calcite. 


Thickness 
in feet 


76.5 
190 


266.5 
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16.5 
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SecTIon 2 
(Quitman Gap; descending order) 


Lower CRETACEOUS 


Bluff formation 
232. 


231. 
230. 


229. 


228. 
227. 
. Mostly covered, but apparently the same as bed 225.............. 


226 
225. 


Light-gray arenaceous limestone containing many small fossil frag- 
Coarse gray arenaceous limestone composed mostly of small fossil 
Massive gray limestone with much secondary calcite; carries some 
Gray calcareous sandstone; weathers yellowish brown............ 
Massive gray arenaceous and fossiliferous limestone.............. 


Massive gray arenaceous limestone with many secondary calcite 
veins in places odlitic. Weathers buff to gray, and carries small 
fragments of fossils. Fossil fragments become very minute in 


. Unexposed; probably calcareous sandstone...................... 
. Massive dark-gray arenaceous limestone, with a few fine chert 


. Light-buff calcareous 
. Dark-gray medium-bedded arenaceous limestone containing fossil 


. Mostly covered, but with exposures of very dense thin-bedded 


limestone; weathers creamy 


. Gray limestone containing fossil fragments; weathers creamy 


. Brown to olive-green arenaceous limestone with fossil fragments. . 
. Dark-brown highly arenaceous limestone....................+--- 


. Unexposed; probably same as bed eee 
. Fine platy, gray to buff arenaceous limestone.................... 
. Gray arenaceous limestone with some fossil fragments; weathers 


. Yellowish-weathering limestone composed mostly of pelecypods, 


Pecten fragments, and large worm tubes...................... 


. Gray massive arenaceous limestones carrying fossil fragments, with 


thick alternating beds of calcareous sandstone................. 


. Medium-bedded slightly arenaceous gray limestones; mostly 


. Massive arenaceous limestone to light-gray oGlitic limestone, both 


containing fossil fragments; weathers grayish buff.......... 


. Unexposed; probably mostly limestone.......................0.. 
. Massive gray arenaceous limestone, with softer interbeds........ 
. Light-gray to brownish, very calcareous sandstone, with a few 


. Mostly massive gray limestone with fossil fragments............ 
. Rough, light-gray arenaceous limestone containing fragments of 


perecypods and Other 


SeSeo S se 


125 


22.5 


1370.5+ 


| Thickness 
in feet 
14 
585 
8 
: 
219 
4 21 
217 
216 
215) 
a 214. Same as bed 206 | . 
a 213 
212 
211 
210 
> 209 
207 
205 
204 
725 
201 
200 
= 
| 198 30.5 
198 0 
197 
196 


Thickness 
Yucca formation in feet 
192. Sandstone and quartzite layers, with broad covered interbeds.... 111 
191. Light-gray to buff limestone; mostly covered................... 31 
190. Dove-gray limestone with covered interbeds.................... 28 
188. Light pinkish-gray, soft limestone; weathers creamy white and 
187. Reddish-orange limestones with calcareous shales................ 31 
186. Light-gray limestone with arenaceous layers; mostly covered. ... 23.5 
184. Massive dove-gray limestone, with pinkish calcareous shales. ..... 28 
183. Creamy gray shaly limestone; partly covered.................... 23.5 
181. Unexposed; probably shaly limestone....................2.00005 85 
180. Massive reddish-yellow to gray limestone....................... 7 
179. Light-gray to cream-colored limestone, with flaggy shales; mostly 
176. Gray to dark-buff limestone, with pinkish calcareous shales; 
172. Greenish-buff arenaceous limestone with shaly layers............. 19 
171. Maroon to greenish shales, with green arenaceous limestones. .... 20.5 
170. Green to slightly pinkish calcareous sandstone................... 35 
169. Flaggy light-gray arenaceous limestone; mostly covered......... 23.5 
168. Mottled gray and green to massive dark-gray limestone.......... 315 
167. Flesh-colored to green calcareous sandstones, with limy and shaly 
166. Maroon and buff calcareous shales, with one sandy layer.......... 22.5 
165. Reddish calcareous sandstone with maroon shaly layers........... 
161. Gray, yellow, and maroon shales.....................0ccceeeeeee 14 
160. Mostly olive-buff arenaceous limestones to yellow-gray lime- 
stones, with a few sandstones and some shaly layers........... 108 
159. Dark-brown sandstone with limy layers at the top and bottom.... 35 
158. Olive-gray arenaceous limestone; mostly covered................ 175 
157. Quartzite with limestone-pebble conglomerate and interbedded 
156. Olive-buff sandstone, grading into yellow arenaceous limestone. . 28.5 
154. Yellow to reddish and buff arenaceous limestone; mostly covered 39 
152. Dark-gray fine limestone-pebble conglomerate, with pure lime- 
151. Reddish to green arenaceous limestone; mostly covered......... 13 
150. Brownish sandstone with covered interbeds..................... 26 
149. Mostly covered. Some outcropping beds of sandstone and yellow- 
ish-green to buff and dark-gray limestone; also beds of maroon 
147. Light-yellow to buff arenaceous limestone...................... 145 
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. Unexposed; probably eee 

. Gray to maroon quartzite and sandstones....................... 
. Brownish sandstones with covered interbeds.................... 
. Yellow limestone and calcareous sandstone; partly covered...... 
. Buff and reddish calcareous sandstone with limy layers........... 
. Maroon and buff limestone, grading into maroon shale........... 
. Maroon calcareous sandstone, grading into shale................. 
. Flesh-colored quartzite with yellow and green limy layers....... 
. Buff to red and yellow shaly limestone.......................0.. 
. Yellow to buff calcareous sandstone............. 
. Buff to reddish and greenish limestone and calcareous sandstone... 
. Yellow-orange to buff and red limestone........................ 
. Light-brown to varicolored sandstones and quartzites............ 
. Green to reddish shaly limestone.......................00000-- 
. Buff to red, creamy-weathering, nodular limestone.............. 
. Brown to yellowish calcareous sandstones and quartzites......... 
. Green to red sandstone, with interbeds of reddish limestone. ..... 
. Buff to red arenaceous limestone....................cccceeeeeee 
. Buff to orange-red limestone with maroon shale................. 
. Reddish and buff quartzites, calcareous sandstone, and covered 


. Coarse reddish-brown quartzite, with the upper 2.5 feet mostly 


quartz-pebble conglomerate 


. Reddish-purple to green limestone, with some arenaceous and 


. Coarse reddish quartzite, with quartz pebbles at the base......... 
. Coarse green to pink quartzite, with maroon shaly interbeds.... 
. Coarse calcareous sandstone with quartz-pebble conglomerate. .. 
. Orange-yellow arenaceous 
. Flesh-colored to green quartzites and sandstones, with a few 


colored limestones and partly covered shales between them.... 


. Coarse pinkish sandstone, with small amounts of quartz-pebble 


. Coarse sandstones; partly covered................ 
. Light-green to reddish sandstones and quartzites, with some lentils 


of fine quartz-pebble 


. Buff to red and green sandstones with covered interbeds......... 
. Buff arenaceous limestone; weathers to soft shades of pink, yellow, 


. Greenish quartzites and red calcareous sandstones, with softer 


interbeds of buff to orange limestone and some reddish shales. . 


. Greenish to reddish sandstone, partly caleareous................. 
. Light-gray to yellowish arenaceous limestone.................... 


Thickness 
a= in feet 
1 136 
14: 106.5 
14 15 
14] 73 
14 15 
134 445 
138 24 
137 40 
wee 136 135 
135 37.5 
: 134 7 
He 133 55 
2 132 45 
131 15 
130 5 
129 20 
128 55 
127 16.5 
126 
125 5 
124 41 
122 195 
121 125 
120 155 
119 8 
118 22.5 
117 
115 
37.5 
114 3 
113 65 
111 9 
110 7 
109 
135 
10S 
75 
106 
4 105 88.5 
: 104 9 
= 103 13 
102 
24 
215.5 
100 3 
be 99 65 
98 25 
97 23.5 
96 25 
95 12 
| 94 12 
93 12 


STRA;T{GRAPHIC SECTIONS 


. Red and gray calcareous sandstone, with mostly covered interbeds 


of buff limestone and maroon shale......................00000 


. Drab limestone to highly calcareous sandstone, with lentils of 


limestone-, quartz-, and fine chert-pebble conglomerate........ 


. Red and light-gray pure quartzite, with covered softer interbeds. . 
. Red calcareous sandstone and lighter quartzites, with covered 


. Quartzite with limy and shaly covered interbeds................. 
. Orange-red shaly to arenaceous limestone..................... 

. Massive reddish-orange to gray-green quartzite, with calcareous 


sandstones and orange shaly layers.....................00005. 


. Reddish arenaceous 
. Greenish quartzite to brown sandstones with covered interbeds, 


probably purple shales and arenaceous limestones. ............ 


. Quartzite to arenaceous limestone with covered interbeds........ 
. Reddish to olive-buff arenaceous limestones..................... 
. Reddish-brown calcareous sandstone............................ 
. Massive brown sandstones with covered interbeds, probably purple 


. Red and brown sandstones in highly arenaceous limestones....... 
. Red arenaceous limestone; brown calcareous sandstone.......... 
Reddish-brown calcareous 

. Buff to orange and purple limestone, partly shaly 
. Fine, reddish to orange calcareous sandstone ................... 
. Maroon, red, and yellow calcareous shales, with interbeds of green- 


. Red, orange, and yellow limestone.............................. 
. Purple shales grading into yellow-orange shaly limestone........ 
. Reddish to yellow calcareous sandstone ........................ 
. Maroon to greenish-gray calcareous shales with interbedded lime- 


. Red and yellow to buff and green limestone, partly shaly. . 

. Olive and buff to gray limestone, ‘with some shaly layers... ..... 
. Maroon arenaceous shales, with interbedded green and buff lime- 


. Brown sandstone to strongly arenaceous yellow and red limestone 
. Reddish calcareous shales and sandstones....................... 
. Unexposed; probably reddish shales....... 
. Red limestone and shales..... 
. Greenish-purple calcareous and arenaceous shales.... .......... 


1015 é 
Thickness 
in feet 
92 30.5 «ee 
91 17 
90 4 
89 95 
88 
89.5 
14.5 
85 
82 
84 48 ES 
83 13 
82 17.5 
81 
79 
77 
7 18 
77 7 
76 145 
75 7 
74 6 
7 
51 
72. Brov 15 
71 23 
70 65 
69 23 
68 8 Ry 
67 16 
66 31 By 
65 11.5 
64 45 : 
63 
45 
62 7.5 
61 23.5 
60 36 
59 12 
58) 
21 
57 7 
56 3 
55 15 
54 14 : 
53 40.5 
52 
17.5 
51 15 
5 12 : 
49 39.5 
4 22 
47 11 : 
46 11 
45 13 
44 65 
43 13 
42 9 
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Thickness 
in feet 
39. Mostly covered; probably red shales. Some exposures of buff to 
brown arenaceous Timestone........ 33.5 
38. Red sandstones to light coarse-grained quartzites, with covered 
36. Reddish-brown to light-gray sandstone.........................,. 85 
35. Deep-red arenaceous shales and sandstones...................... 14.5 
33. Mottled red and green arenaceous limestone..................... 3 
32. Orange-red to red calcareous sandstone....................000005 16 
30. Deep-red to buff calcareous sandstones and shales............... 31 
29. Reddish to drab calcareous sandstone..................0..200005 425 
27. Deep-red calcareous sandstone and arenaceous shales............ 25 
26: Reddish-butt to brown 75 
25. Reddish calcareous sandstones and shales; partly covered....... 19 
24. Dense greenish-buff 16 
ie 23. Reddish-buff arenaceous limestones and shales.................. 21 
= 22. Greenish limestone; weathers creamy buff white................ 7 
21. Buff-gray arenaceous 7 
19. Reddish calcareous sandstone with covered interbeds 26.5 
16. Reddish-brown calcareous 4 
14. Unexposed; probably creamy red dade ras 15.5 
13. Sandstone; weathers dark brown................00scccccessceues 15 
10. Buff limestone; weathers creamy reddish-white.................. 9 
8. Reddish-gray limy to arenaceous shales......................... 40 
7. Creamy-buff to grayish-white limestone........................ 215 
6. Red to yellow-orange and buff limestone; some slightly arenaceous 101 
5. Beds of buff limestone with covered interbeds, probably red shales 48 
3. Yellowish to buff limestone, slightly arenaceous.................. 37 
5517.5+ 
Section 3 


(Northern end of Bluff Mesa; descending order) 
Lower CRETACEOUS 


Bluff formation 

60. Massive bed of gray gritty limestone containing masses of fossils 

and fossil fragments. Orbitolina terana in abundance; also 

Exogyra quitmanensis and Exogyra 8+ 
59. Mostly covered; probably calcareous sandstone................. 8 
58. Very arenaceous thin-bedded (4 to 6 inches) gray limestone. 

Some small fossil fragments in purer limestone layers at the top 18 
57. Unexposed ; erg gray arenaceous limestone................. 5 
56. Massive bed of slightly arenaceous gray limestone. Many fine 


BRS > 


STRATIGRAPHIC SECTIONS 


. Very arenaceous limestone lensing out to the east; mostly covered 
5 —_— Meg massive gray limestone with thin sandy stringers and 
Massive gray limestone. Same as bed 50....................-05- 
Beds of gray arenaceous limestone, 3 feet thick, carrying scattered 

fossil fragments; covered interbeds are probably thin sandstone. 

Very weathered surface... 
. Ledge of massive gray limestone, slightly arenaceous. Lowest 
prominent cliff-former. A few scattered fossils (Trigonia sp.).. 


Yucca formation 


49. Gray limestone with slightly colored portions; weathers yellowish 
48. Buff-gray beds of limestone weathering creamy white and yellow- 
47. Unexposed ; mostly purple shales and varicolored limestones... .. 
46. Dense light-gray limestone, weathering creamy white. Covered 
interbeds; probably purple 
45. Unexposed; probably shales and varicolored thin-bedded lime- 
44. Nodular purplish limestone; mostly covered..................... 
43. Light-gray medium-grained sandstone; well cross-bedded........ 
42. Unexposed; probably nodular grayish and reddish limestone and 
41. Sandstone with some limestone-pebble conglomerate and much 
cherty grit. Brownish gray; cross-bedded..................... 
40. Mostly covered; probably maroon shales........................ 
39. Brownish limestone with covered interbeds. Some fine limestone- 
pebble conglomerate, with chert in top 2 feet.................. 
38. Mostly covered; greenish-gray sandstone and nodular limestone. . 
37. Fine-grained thin-bedded 
36. Limestone-pebble conglomerate with fine-grained arenaceous 
35. Fine-grained purplish to brownish-gray calcareous sandstone; 
weathers brown. Limonite stains in joints..................... 
34. Unexposed; probably fine calcareous sandstone and shale......... 
33. Gritty to small limestone- pebble conglomerate, with 2 feet of 
hard calcareous brown sandstone at the top.................... 
32. Mostly covered; probably maroon shales; projecting beds are 
gray-green and maroon calcareous sandstone. Upper 5 feet are 
nodular gray-green limestone, with beds of rusty-yellow sand- 
stone and maroon sandstone and shale.......................-. 
31. Thin-bedded dense gray limestone, containing fine chert grains; 
30. Red, yellow, and light-gray limestone.......................... 
29. Coarse dark-gray limestone; rough weathered surface............ 
27. Coarse gray arenaceous limestone with fine limestone-pebble con- 
glomerate ; weathers limonite yellow in upper half............. 
26. Dense beds of mottled reddish, yellowish, and gray limestone ; 
25. Mottled red, yellow, ‘and gray, coarse arenaceous limestone....... 
24. Alternating ‘thin beds of dark-gray, dove-gray, and _ yellowish- 
weathering arenaceous limestone 
23. Mottled shades of pink, yellow, and blue-gray limestone, with 
alternating covered beds and some beds of fine limestone- 


Thickness 
in feet 


190.5+- 
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2 
46 
32.5 
11 
41 
14 
23 
21 
50 
12 
56 
9 a 
6 
28 
13 
30 
29 
10.5 
75 
3 
26 
22.5 
75 
54 
23 
3 : 
25 
35 
3 
30.5 
15.5 
54 
104 
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. Alternating beds of gray and mottled red and yellow limestone; 


. Dove-gray to buff-gray limestone; partly covered................ 
. Mottled red, yellow, and gray limestone and limestone-pebble con- 


glomerate. Alternating beds covered; probably maroon shales. 
Lower 26 feet are mostly covered with some beds of mottled 
gray, yellow-brown, and reddish limestone. One bed 5 feet thick 


. Massive gray limestone; bluff-forming.......................... 
. Mostly covered; light-gray limestone, with intercalated 2-foot 


beds of harder dove-gray limestone; some fine limestone- 
pebble conglomerate; softer beds are probably shales.......... 


. Fine conglomerate and rusty-brown arenaceous limestone; cross- 


. Mostly covered; probably thin-bedded colored limestone........ 
. Fine gray limestone-pebble conglomerate....................... 
. Mottled gray and reddish limestone; weathers gray and yellowish. 


Includes several thin beds of fine chert-pebble conglomerate. . . 


. Light-gray sandstone; weathers creamy pinks and yellows........ 
. Fine-grained dark-maroon sandstone ........................... 
. Maroon and gray shales and buff limestone; in part, weathers 


brownish-yellow; mostly 


. Dense gray limestone weathering gray and buff; sand grains in 


. Reddish and mottled gray limestone; weathers yellow brown..... 


Mostly covered; probably same as bed 1....................... 


. Dense gray to fine conglomeratic limestone, with yellow pheno- 


clasts. Portions are pisolitic; up to 1 inch in diameter.......... 


. Dense light grayish-buff limestone; weathers to light gray with 


. Dense massive light-gray limestone, weathering light gray, rose, 


and yellow, with alternating beds of buff and purplish limestone 


Section 4 
(Brush Hill; descending order) 


Lower CRETACEOUS 


27. 


Cox formation 


Arenaceous, fine limestone-pebble conglomerate and calcareous 


. Mostly covered ; outcropping beds of brown sandstone and quartz- 


. Light-gray and brown sandstone and quartzite; partly covered. . 
. Unexposed; probably soft greenish sandstone.................... 
. Brown and light-gray sandstone and quartzite with thinly covered 


interbeds; considerable cross-bedding......................... 


. Purplish and greenish shaly sandstone; partly covered............ 
. Purplish-brown sandstone with covered interbeds................ 
. Mostly covered, with outcropping beds of dense dove-gray lime- 


. Mostly massive flesh-colored quartzite and greenish sandstone... . 
. Mostly covered, with several outcropping beds of purplish-brown 


. Mostly light-gray quartzite and sandstone with some covered in- 


Thickness 


in feet 


42 
10.5 
16 


43.5+ 


1116.5+ 


22 
20 
19 
18 10 
17 
16 
75 
15 15 
14 215 
13 
SS 12 21 
11 5 
10 
24 
155 
8 5 
2 - 
6 125 
5. 8 15.5 
45 
2 
145 
( 
it 
1 
I 
55+ p 
25 16 P 
24 46.5 
23 
62.5 r 
22 245 
21 10 
20 
145 
19 28.5 0 
18 0 
48 
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Thickness 
in feet 
16. Purplish-brown and green sandstone; mostly covered............ 34 
15. Flesh-colored to light-brown and light-gray quartzites; slightly 
14. Greenish and purplish-brown sandstone with covered interbeds, 
probably arenaceous purple 13.5 
13. Dense light-gray limestone; weathers yellowish; mostly covered. . 12.5 


11. Fine gray and brown limestone-pebble conglomerate with some 
chert pebbles; grades into very arenaceous limestone in upper 


10. Greenish and brown beds of quartzite, 1 to 3 feet thick, with cov- 
9. Unexposed ; two thin outcropping beds of buff and yellow limestone 44 
8. Mostly covered, with outcropping beds of brown sandstone...... 19 
5. Mostly covered, with outcropping beds of gray and dark-brown 
4. Buff limestone; weathers yellowish. Some gritty beds in upper 
3. Mostly covered; brownish sandstone and quartzite.............. 14 
1. One-foot beds of dense purplish-brown sandstone with broad, 


STRUCTURE OF SEDIMENTARY ROCKS 
GENERAL STATEMENT 


Although folding of the sedimentary rocks in the northern Quitman 
area is intense, no one fold can be followed very far. This is due to 
(1) large areas of alluvium; (2) en echelon folding; (3) disharmonic 
folding; (4) thrust faults and, to a smaller extent, normal faults; and 
(5) igneous rocks. En echelon folding is particularly important in lim- 
iting the length of individual folds. Disharmonic folding (Billings, 
1942, p. 53) is common, especially in Bug and Double Hills. Folds 
trend north to northwest and are tighter in the western and central 
portions of the area than in the eastern portion, where they are open 
and relatively gentle. Folds are commonly overturned to the east. 
Plunging folds are common. 

Two large, southwestward-dipping thrust faults cut the sedimentary 
rocks. A third thrust, extending the length of the southern Quitman 
Mountains, dies out northward in the vicinity of Quitman Gap. 

There are two sets of normal faults, one trending northwest, and the 
other northeast. Most normal faults are small and have a displacement 
of 100 feet or less. An exception is the large fault which offsets the 
Devil Ridge thrust just northwest of Bluff Mesa; the displacement is at 
least 1000 feet. 
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FOLDS 
Quitman Gap: As has been recognized (Baker, 1927, exploratory map), 
the principal structural feature of the southern Quitman Mountains js 
an anticline overturned and thrust toward the east. Only the north- 
western extremity of the fold has been mapped in the vicinity of Quitman 
Gap in this survey. At that point (sce Stratigraphic Section 2) 6888 


Quitman 


Quartzite septum 
quertz monzonite ( 


dike 


100 150 Feet 
4 


Horizontal and Vertical Scale 


Ficurr 4—Cross section southwest of King Canyon 


Showing field relations of dikelike portion of Quitman pluton and drag fold on western 
limb of Thirsty Dog anticline. Approximately 1 mile south of northwestern end of 
King Canyon. 


feet of westerly dipping lower Cretaceous strata, belonging to the Yucca 
and Bluff formations, are on the overturned eastern limb of the anti- 
cline (Pl. 1, Sec. D-D’). Bluff beds at the eastern end of Quitman Gap 
are vertical and in places even upright, though steeply dipping; toward 
the south they are more overturned. 

Proof of overturning of the strata at Quitman Gap is twofold: (1) With 
local exceptions, all beds dip west. Inasmuch as beds of the Yucca 
formation are exposed in the western part of Quitman Gap and beds of 
the Bluff formation are exposed in the eastern part, the Yucca forma- 
tion overlies the Bluff formation, reversing the normal stratigraphic 
sequence. (2) Approximately 100 examples of cross-bedding with the 
convex side up, indicating overturned beds, were observed in an east- 
west traverse through Quitman Gap. A good example nearest to the 
westernmost edge of the outcrops was about 100 feet east of the Yucca- 
alluvium contact. The cross-bedding thus indicates that all the beds 
exposed are overturned. 

The westernmost beds of the Yucca formation, which dip 30° SW., 
are overturned as much as 150°; an average figure for the whole section 
would be about 120°. Locally, however, where minor anticlines are 
superimposed upon the overturned eastern limb of the large anticline, 
strata on the eastern limbs of the minor anticlines are overturned as 
much as 200° (PI. 1). 
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Tuirsty Doc ANTICLINE: The asymmetrical anticline on the west side 
of the northern Quitman Mountains, that extends from Fox Canyon to 
King Canyon (Pl. 1), may be called the Thirsty Dog anticline. The 
axis of this fold is arcuate and convex to the southwest. Beds near the 
base of the Bluff formation are exposed near Fox Canyon, where the anti- 
cline plunges northwest. Farther north the axis is more or less horizontal, 
with minor culminations and depressions (Billings, 1942, p. 49). 

Several drag folds are well exposed on the western limb; the largest 
has an amplitude of about 40 feet and a wave length of about 150 feet 
(Fig. 4). A few minor thrusts, dipping steeply to the west, break the 
Bluff beds locally. The writer believes the east dips of the eastern limb 
have been increased by subsidence of the central area of the volcanic 
rocks. (See section on Structure of igneous rocks.) The western limb 
of the anticline has been truncated by the Quitman pluton (Pl. 1). 

At its northern end the main anticline becomes less important, and 
several parallel small folds lie to the east. After formation, one of 
these anticlines was decapitated by erosion, buried by volcanic flows, 
and then overturned to the east when the central voleanic area subsided; 
consequently, the western limb of this minor fold is now horizontal. 

The writer believes the Thirsty Dog anticline is on the western, 
normal limb of the large overturned anticline of the southern Quitman 
Mountains; to the south, this normal limb is covered by basin fill. 

Buc Hitz: The intense folding on this hill (Pl. 1, See. C-C’) is 
characterized by northwest-trending near-isoclinal folds. Folds at the 
southern and northern extremities of the hill generally plunge toward 
the center. 

A good example of disharmonic folding is found in the south-central 
part of Bug Hill, where massive Bluff limestones are arched into an 
anticline; thin, underlying beds are squeezed into several irregular 
folds (Fig. 5A). An even better example of disharmonic folding is dis- 
played at the southeastern end of the hill. Massive beds of the Bluff 
formation plunge northward in a large syncline, and the thin under- 
lying basal beds of the Bluff formation are squeezed into numerous 
small folds, also plunging north (Fig. 5B). Limbs of the small folds 
dip about 45°; their wave length approximates 150 feet. 

OTHER Fotps: The northern and southern lobes of Double Hill appear 
to be separated by an east-west trending anticline cut by a small fault, 
either normal or very high-angle thrust, along which the northern block 
has dropped about 50 feet (Pl. 1). This fault dies out westward. 
Numerous noses of open southward-plunging anticlines are displayed 
along the two northward-facing escarpments of the hill. On Granite 
Hill (Pl. 1) the folding is too complex to be shown on the map. Fold 
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axes twist, turn, and plunge irregularly as small folds die out or converge, 
but the general trend is north-south. Most of Bluff Mesa lies on the 
eastern limb of a large syncline plunging to the south (Pl. 1, Sec. C-C’). 
The synclinal axis trends slightly west of south, going west of Brush 
Hill (Pl. 1). Etholen Hill is a dome (PI. 1, Sec. B-B’). The Permian, 


A ° 100 200 Feet 
Horizontal and Vertical Scale 
Ficure 5.—Disharmonic folding in Bug Hill 

A. Near the south-central part. B. In the southeastern part. 


Jurassic, and basal Cretaceous rocks along the northwestern edge of 
the Quitman Mountains are isoclinally folded, though field relations are 
seldom clear (Pl. 1, Sec. A-A’). Folds are asymmetrical, trend north- 
northwest, and generally plunge gently to the south. 

The nature of folding at other localities in the northern Quitman area 
is evident from the map (PI. 1), but rarely is it as simple as portrayed. 


THRUST FAULTS 


Devit Rince Turust: In the valley that separates the small hill on 
the northwestern tip of Bluff Mesa from the larger portion to the east, 
conglomerates of the Etholen formation are exposed. Overlying the 
conglomerate, which dips outward a degree or two from the center of 
the exposures, are beds of the Yucca and Bluff formations. The field 
relations can be explained only by a large thrust fault in which the 
Yueca and Bluff formations have been thrust northeastward over the 
Etholen formation. Around the borders of the conglomerate, small 
patches of alluvium cover the thrust plane. Field relations are slightly 
confused by small normal faults, which drop sections of the Yucca into 
contact with the Etholen. These small faults are parallel to the large 
normal fault, or fault zone, along which the valley has been eroded. 

The Devil Ridge thrust extending around the northern end of Bluff 
Mesa and then southeastward between Bluff Mesa and Texan Moun- 
tain is continued westward past the northern end of Bug Hill, where it 
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turns northwestward and runs into the Quitman quartz monzonite. 
Although the thrust is cut off by the Quitman quartz monzonite, it 
reappears farther north and passes east of Lone Hill (Pl. 1). Within 
this area the fault is approximately 12 miles long. The northwest 
limit it unknown, but the fault probably extends farther into the 
Malone Mountain area than shown on the map (PI. 1). 

At no place is the actual plane of the thrust visible. In the valley 
between Bluff Mesa and the small hill to the northwest, the Devil 
Ridge thrust must dip southward or southeastward at a low angle, be- 
cause the Yucca formation is exposed east and west of the outcrop of 
almost flat-lying Etholen conglomerate. The thrust probably dips south- 
westerly much more steeply in the valley between Bluff Mesa and Texan 
Mountain, where it is hidden from view. Smith (1940, p. 630) says 
that the fault plane dips 54° SW. in the southern Devil Ridge area. 

Yucea is thrust over the Finlay formation in Texan Mountain, over 
the Etholen formation in Etholen Hill, and Bluff is thrust over the 
Espy formation north of Bug Hill (Pl. 1). At these points the strati- 
graphic throw is, respectively, about 4500, 5500, and 5000 feet. 

Smith (1940, p. 630) ee the Devil Ridge thrust a minimum dis- 
placement of almost 414 miles in the Devil Ridge area. Inasmuch 
as the dip of the fault plane is not known in the northern Quitman 
area, the displacement is not known. The figure given by Smith is prob- 
ably close, though the displacement probably decreases to the north- 

west, and the fault may die out in the Malone area. 

The bend in the trace of the Devil Ridge thrust may possibly be due 
to a general doming of the rocks by the stock of Quitman quartz monzo- 
nite. 

Rep Hitis Turvust: This thrust (Smith, 1940, p. 630) also extends 
northward from the Devil Ridge area into the northern Quitman area. 
It enters the northern Quitman area southwest of Bluff Mesa and trends 
as far northwest as a point northeast of Double Hill (Pl. 1), where it 
divides, the main fault trending due west, and then northwest along the 
southwestern side of Bug Hill. A small branch of the thrust probably 
runs northwest for a short distance along the southwestern side of Brush 
Hill. If the Red Hills thrust does not die out west of Bug Hill, it may 
run into the Devil Ridge thrust somewhere southwest of Tremble Hill 
(Pl. 1). 

Along this 6-mile extent of the fault, which is everywhere covered by 
fill, basal beds of the Bluff appear to be thrust over upper beds of the 
Bluff and even over the Cox somewhere southwest of Brush Hill. 
Actually, part of the Yueca is probably thrust over the Bluff and Cox, 
but lies hidden beneath the basin fill (Pl. 1, See. C-C’); the lowest ex- 
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posed Bluff beds on the southeastern part of Bug Hill and the northern 
part of Double Hill are just above the Yucca-Bluff contact. 

Smith (1940, p. 631) finds a displacement of slightly less than 17,000 
feet along the Red Hills thrust in the Devil Ridge area. The displace- 
ment along the thrust northeast of Seven Mile Tank must be essentially 
the same, but it decreases rapidly where the fault swings west and then 
northwest toward a possible junction with the Devil Ridge thrust. 

Stratigraphic throw in the southern part of the area is probably about 
3000 feet, decreasing rapidly to the northwest. 

QuiTMAN Turust: Just south of Quitman Gap a small portion of 
the thrust that extends along practically the entire eastern side of the 
southern Quitman Mountains (Baker, 1927, exploratory map), and 
herein called the Quitman thrust, has been mapped (PI. 1). This thrust 
is a break thrust across the overturned anticline forming the southern 
Quitman Mountains, and apparently formed after the overturned anti- 
cline became essentially recumbent (PI. 1, See. D-D’). 

The fault plane, where observed by the writer dips about 30° SW. 
The zone of brecciation is 30 to 40 feet thick. Numerous layers of fault 
gouge are enclosed in the breccia, and the whole is cut by much secondary 
calcite in the form of both dense and dogtooth spar veins. 

In the area mapped, beds in the lower half of the Bluff are thrust 
over higher or middle beds of the Bluff. As a stratigraphic section has 
not been measured through the Bluff formation, the stratigraphic throw 
is not known, but the writer suspects it may approximate 500 feet at 
this point; the net slip is probably not more than 1000 feet. The thrust 
appears to die out to the north as it goes under the alluvium; it probably 
passes into an overturned anticline. On the west side of the thrust 
practically all beds are overturned. 

Minor Turvsts: Of the several minor thrusts, only one is worth dis- 
cussing. A small break thrust, with a displacement of about 10 feet, 
is found in the second easternmost satellite hill south of Double Hill 
(Pl. 1). It breaks limestones of the Bluff formation, dips about 30° 
SW., and strikes about northwest parallel to regional trends. 

Several high-angle break thrusts (65° or more), dipping southwest, 
cut the massive Bluff limestones in the Thirsty Dog anticline. (See sec- 
tion on Folds.) However, displacement seldom exceeds a foot. Re- 
crystallization in these narrow zones has commonly formed marbles 
from the limestones. 

NORMAL FAULTS 

ORIENTATION AND RELATION TO Fotp AxEs: Two distinct sets of normal 
faults cut the northern Quitman area. One trends roughly northwest, 
more or less parallel to the regional structure, whereas the other trends 


t 
0 
0 
‘ 
‘ 


STRUCTURE OF SEDIMENTARY ROCKS 1025 
approximately northeast, essentially at right angles to the regional 
structure. 

Normal faults are restricted to the hills of sedimentary rock east of 
the northern Quitmans proper. There, only faults with throws greater 
than 50 feet were mapped (PI. 1), smaller faults being locally too numer- 
ous to include. Characteristically, in the northwest-trending set, the 
northeast block is downthrown; in the northeast-trending set, the north- 
west block is downthrown. Fault planes generally are steep or vertical. 

Biurr Mesa: The largest normal fault is on the northwestern tip of 
Bluff Mesa. Erosion has cut a pass along the fault, or fault zone, and 
left the downthrown western block as an isolated hill. The total dis- 
placement along the fault appears to be a composite of the displacement 
along parallel shear planes. One of these fault planes, shown by asso- 
ciated gouge exposed in a prospect, strikes N. 16° W. and dips 62° W. 
These readings are probably close to the true values for the main fault, 
or fault zone. The writer estimates the net slip on the fault to be some- 
what greater than 1000 feet. 

Mapped normal faults from south to north along the southwestern 
prong of Bluff Mesa have throws, respectively, of 80, 140, 60, 80, and 150 
feet (Pl. 1). The fault on the isolated hill at the northwestern end of 
Bluff Mesa has a throw of 90 feet. All observed normal faults die out 
westward. 

Buc Huu: The fault mapped on the northeastern prong of Bug Hill 
has a throw of about 150 to 200 feet. From north to south along the 
western side (Pl. 1), the throws of the mapped faults are, respectively, 
about 50, 50 and 100 feet. The fault plane of the middle of these three 
faults dips 53° NW.; the others are closer to vertical. The northern side 
of Bug Hill is cut by numerous normal faults, not mapped, trending 
about N. 9° E., with the western blocks downthrown an average of 20 
feet. South of the two mapped faults on northwestern Bug Hill, and 
paralleling them, are many others with throws of 10 to 20 feet. The 
northern side is always downthrown. 

Basins: The writer believes that some of the basins may have been 
formed partly by normal faults now covered by fill. Positive evidence of 
the depth of fill is lacking, but the town well of Sierra Blanca was sunk 
800 feet in fill. As the well lies only half a mile east of bedrock in 
Texan Mountain, apparently a sizable normal fault occurs between the 
two localities. Normal faults with a north-northwest trend and down- 
thrown eastern side exist in Flat Mesa 4 miles to the north. 

OTHER Fau.ts: The east-west fault between the lobes of Double Hill 
might be either a normal or high-angle thrust fault, for the fault plane 
appears to be about vertical. The throw at the eastern end is probably 
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about 50 feet, dying out westward. The mapped fault on the north- 
eastern end of Double Hill has a throw exceeding 50 feet. Folding has 
locally confused the relations, but the throw could be as great as 200 
feet. Normal faults with a throw of 20 to 30 feet are not uncommon in 
Double Hill. 

A series of minor tear faults are found in the overturned beds along 
Quitman Gap, but can be recognized only where the strata are vertical. 
All strike approximately east-west and have a displacement of only a 
few feet; in no case is it likely that the displacement exceeds 10 feet. 
The fault planes are about vertical, and the south sides have moved 
east relative to the northern sides. The faults apparently formed at ap- 
proximately the time of overthrusting. 


REGIONAL RELATIONS 


The thrust faults are the most important individual features tying 
the northern Quitman area structurally to the region to the southeast. 
The Devil Ridge and Red Hills thrusts extend southward the length 
of the Devil Ridge area; northward the Devil Ridge thrust is cut by the 
Quitman quartz monzonite, but reappears and extends into the Malone 
Mountain area. The Devil Ridge thrust has also been mapped in the 
Eagle Spring area some 20 miles southeast of Sierra Blanca (Smith, 1941, 
p. 76). Thus, the Devil Ridge thrust extends a minimum of 32 miles 
and probably a great deal farther southeast along the front of the Eagle 
Mountains. The Red Hills thrust extends a minimum of 20 miles. The 
Quitman thrust, which appears to die out as it gets into the northern Quit- 
man area, extends 16 miles to the south-southeast on Baker’s (1927) ex- 
ploratory map. A second thrust appears south of the Quitman thrust 
and extends to the Rio Grande 8 miles away. If this is an extension of 
the Quitman thrust, it is at least 24 miles long. 

Strongly folded strata of the Malone Mountains and Alarcon Hill to the 
northwest are the northernmost extensions of the Quitman orogenic belt. 

The Sierra Blanca area to the north is structurally different from the 
Malone and Devil Ridge areas. The Malone Mountains and Devil Ridge 
are within, and form, the northeastern border of the Sierra Madre Ori- 
ental province. The gently dipping strata of the Sierra Blanca area, 
cut by a few normal faults, are but slightly folded; thrusting is absent. 
The writer believes a line, somewhere north of the area included in this 
survey but south of the Sierra Blanca, should delimit the Sierra Madre 
Oriental province to the south from the Basin and Range province 
to the north. 
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AGE OF FOLDING AND FAULTING 


Upper Cretaceous rocks of Eagle Ford age, exposed in the Devil Ridge 
and southern Quitman areas, are the youngest rocks known to be in- 
volved in the folding and thrust faulting of this general region. There- 
fore, the main orogenic disturbance is post-Eagle Ford. Volcanic rocks 
in the Quitman area overlie the folded and faulted strata. Inasmuch as 
the writer believes these extrusive rocks are early Tertiary (see section 
on age of volcanic rocks), the deformation is presumably pre-early 
Tertiary; therefore, the deformation is either late Cretaceous or earliest 
Tertiary. The writer thinks late Cretaceous is more likely. 

Folding is probably mainly pre-thrusting, as the thrusts appear to cut 
across some of the folds; the Quitman thrust was formed only after the 
southern Quitman Mountain anticline had become almost recumbent. 
Locally, as southeast of Bug Hill, the fold axes are also truncated by the 
thrusts. Normal faulting probably extended from the late orogenic 
phases down to recent, or relatively recent, times. Faults appear to cut 
some of the minor intrusives. 

A late period of deformation affected the area, probably about mid- 
Tertiary time, when subsidence of the center of the area of voleanic rocks 
is thought to have taken place. 


GENERAL STATEMENT ON IGNEOUS ROCKS 


Igneous rocks of the northern Quitman Mountains, consisting of both 
voleanic and intrusive rocks, are comagmatic. Extrusion was followed 
by intrusions although the two processes were perhaps in part contempo- 
raneous. The volcanic rocks constitute a single body and are sur- 
rounded by a discontinuous intrusive ring, which enlarges into a stock 
in the northern part of the mountains. 


VOLCANIC ROCKS 
DISTRIBUTION AND FIELD RELATIONS 


Lavas and pyroclastic rocks of the northern Quitman Mountains, which 
are designated the Square Peak volcanic series in this paper, lie in the 
central portion of the mountains and uphold the highest peaks. The 
voleanic rocks cover 16 square miles and constitute a single unit, although 
small patches are separated from the main body by alluvium. Volcanic 
rocks, except possibly those on Bug Hill, are absent outside the elliptical 
ring of the intrusive. 

The voleanic rocks are commonly surrounded by folded sedimentary 
rocks on the north and west. Where the voleanic rocks overlie the sedi- 
mentary rocks half-way up the western slopes of the mountains, the basal 
flows form a steep scarp. At the south, the flows are in contact with the 


th- 
00 
in 
ng & 
al. 
a 
at, 
: 
1g 
t. 
h 
le 
l, 
le 
e 
t 
f 
e 
i 


1028 Rk. M. HUFFINGTON—GEOLOGY OF NORTHERN QUITMAN MCUNTAINS 


Quitman quartz monzonite. The eastern edge of the volcanic rocks is 
mostly covered by basin fill, although the intrusive cuts them locally; on 
northwestern Bug Hill, lavas of the Square Peak volcanic series lie on 
Bluff limestones. 

LITHOLOGY AND PETROGRAPHY 

GENERAL CoNnsIDERATIONS: Individual units within the volcanic series 
cannot be traced far except for a few flow conglomerates, described below, 
that could be followed for about 8000 feet. Because of the difficulty in 
tracing them, individual flows, or groups of flows, could not be mapped. 
Some general sequences, however, were worked out in the flows, which 
range from rhyolite to basalt. Interspersed between the true flows are 
rather numerous beds of flow conglomerate and volcanic breccia, with 
some tuffs. Some sills are probably present. 

The earliest flows are generally rhyolitic and contain numerous angular 
lava fragments. Flows containing a high percentage of lava fragments 
are extremely common and most numerous in the lower half of the vol- 
canic series; most of the fragments are less than an inch in diameter and 
appear to be trachytic. The brown and purple lower flows on the western 
side are like those along the eastern base of the mountains. Trachytes fol- 
lowed and are interbedded with the rhyolites, whereas a few latites were 
extruded still later. Andesites, though scarce, are most numerous about 
two thirds of the way up in the volcanic series and are limited to the 
northern half of the voleanic area. One basalt was found with the ande- 
sites. The latest flows, which hold up Quitman Peak, are trachytes, ap- 
proaching rhyolites in composition; they are extremely vesicular and 
porous as compared with the earlier extrusions, which are massive and 
rarely vesicular. The latest flows are splotchy in contrast with many of 
the evenly colored early flows. Flows range from massive types to those 
with abundant flow structures. 

In this paper the term “flow conglomerate” is introduced for a type of 
rock not defined in the literature. A flow conglomerate contains rounded 
sedimentary or voleanic phenoclasts embedded in a lava matrix; pheno- 
clasts generally form over 75 per cent of the rock. Flow conglomerates, 
which appear to have been formed by lava flows incorporating pediment 
gravels and rounded clastic fragments on slopes, are of two types: (1) 
those in which both the phenoclasts and matrix are igneous, and (2) 
those in which the matrix is igneous and the phenoclasts may be all sedi- 
mentary or sedimentary and volcanic combined. Several boulders 6 feet 
in diameter were observed in both, although the average size is generally 
less than 6 inches. Boulders of earlier conglomerates are locally included 
in later conglomerates. Flow conglomerates and voleanic breccias are 
commonly white, though discolored by light-brown and yellowish stains. 
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Flow conglomerates and volcanic breccias are found chiefly in the lower 
half of the voleanic series and are generally irregularly distributed, al- 
though one bed of flow conglomerate, about two thirds the distance up in 
the series, crops out for over 1144 miles on the eastern slopes of the moun- 
tains in the southern half of the area of voleanic rocks. The bed attains 
thicknesses between 150 and 200 feet, being as thick as any flow con- 
glomerate in the area. The contact of the sedimentary and volcanic rocks 
on the western side of the mountains is generally marked by a discontinu- 
ous layer of flow conglomerate composed chiefly of limestone pebbles and 
cobbles, carrying the foraminifer Orbitolina texana, in a light-colored 
rhyolitic matrix; the igneous matrix is locally absent. In other places, 
quartzite and lava pebbles are included. This flow conglomerate, where 
it overlies the sedimentary rocks just south of Fox Canyon, contains a 
limestone boulder nearly 20 feet in diameter. Locally, a flow is found 
under the flow conglomerate. Tuffs are also interspersed through the 
lavas and are occasionally associated with the breccias and conglomerates. 
The tuffs range from welded varieties to crystal tuffs, the beds seldom 
exceeding 20 feet in thickness. 

Patchy distribution made percentages of the different types of volcanic 
rocks hard to determine. Lack of visible quartz also made it hard to 
differentiate between a rhyolite, trachyte, quartz latite, and latite in the 
field, as most of them had orthoclase phenocrysts. Moreover, petro- 
graphic study shows that all types grade into each other. Therefore, the 
following estimates of percentages are only approximations. The vol- 
eanic rocks consist of 80 per cent rhyolite and trachyte flows, 5 to 10 
per cent latite and quartz latite flows, 1 to 5 per cent andesite and basalt 
flows, 1 to 5 per cent tuffs, and 5 to 10 per cent volcanic breccias and flow 
conglomerates. 

In the petrographic descriptions that follow, only the flows are de- 
scribed, unless otherwise stated. 

Ruyouites: Most of the rhyolites are brown, purple, or red, but some are green, 
black. pink, blue. white. yellowish. and gray. Although some are massive, others are 
vesicular and, in a few, flow structure is very distinct. The flows commonly include 
angular fragments of earlier flows, or explosion fragments, which reach 2 inches in 
diameter. The inclusions, generally rhyolitic to latitic, form as much as 25 per cent 
of some flows. 

The phenocrysts in the rhyolites are orthoclase and, locally, quartz, generally equi- 
dimensional and average about 1 millimeter in diameter; they form about 3 per 
cent of the rock. The groundmass. commonly stained by iron oxide, ranges from 
fine-grained holocrystalline to cryptocrystalline, with possibly minute amounts of 
glass in some bands. In several flows the texture of the matrix grades from micro- 
poikilitic to micrographic. The black porphyries, with cryptocrystalline groundmass, 
may have been extruded as porphyritic obsidian. Analcime, quartz, and calcite fill 
some vesicles. 
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Identifiable orthoclase constitutes 20 to 60 per cent of the flows. White orthoclase 
is common; pink is rare. Subhedral phenocrysts, some resorbed, grow to 6 milli- 
meters; undulatory extinction is not uncommon. Oligoclase is locally intergrown to 
form perthite. Sanidine is rare. Quartz is both interstitial and in rounded pheno- 
crysts as large as 3 millimeters; locally the groundmass quartz and orthoclase form 
micrographic intergrowths. Quartz constitutes 5 to 40 per cent of the rhyolites; the 
higher percentages are extremely rare. Phenocrysts locally are highly resorbed, and 
in some 2V is 5 degrees. Biotite is scarce and generally altered to magnetite. One 
or 2 per cent of oligoclase (Ans;) is found in some flows. Euhedral apatite and 
zircon are present. Anhedral magnetite is ubiquitous, though scarce, and generally 
has an alteration rim of hematite. Kaolin, sericite, stilbite, calcite, epidote, and 
chlorite, partly vermicular, are alteration products. 

TracHytes: Many of the trachytes, which are green, purple, gray, and olive-brown, 
are mottled, and some are extremely vesicular. Varicolored angular inclusions of 
other lavas average 1 centimeter, and flow structure is not uncommon. Orthoclase 
phenocrysts form about 3 per cent and average 1 millimeter. The matrix is fine- 
grained to cryptocrystalline, commonly clouded by alteration products, and locally 
rich in iron oxide. 

The trachytes differ from the rhyolites chiefly in amount of quartz. Orthoclase, 
some of which is perthitic, forms as much as 95 per cent of some flows. Interstitial 
quartz forms up to 4 per cent of the rock; locally, a few phenocrysts less than 1 
millimeter in size are found. Pale-green augite, usually in twinned euhedrons, though 
locally resorbed, forms less than 1 per cent. Grain size averages 0.2 millimeter. 
Biotite occurs as a few grains up to 0.5 millimeter in length, mostly altered to iron 
oxide, with some chlorite. Magnetite forms as much as 3 per cent and ranges in 
size from scattered specks to subhedrons averaging 0.04 millimeter in diameter; some 
grains have chlorite borders. Zircon, sphene, and apatite are generally scarce. Eding- 
tonite is one of the zeolites formed as alteration products. The source of the 
barium is problematic, but it may have come from the orthoclase. 

LatitEs: The latites are mottled brown and green and contain numerous aphanitic 
green inclusions; other flows with excellent flow structure have alternating brown 
and green layers. The latites are porphyritic, with the matrix predominantly crypto- 
crystalline. 

Microcline, strongly kaolinized, forms 20 per cent of one specimen and is chiefly 
in phenocrysts; some is altered to yellow epidote. Calcic oligoclase occurs both in 
the groundmass and in phenocrysts, forming 60 per cent of some latites. Perthite 
forms 10 per cent of one flow. Quartz occurs in a few phenocrysts and in the 
matrix. Pale-green augite, partly altered to epidote and uralite, is generally asso- 
ciated with iron-rich layers. It forms 3 per cent of one flow and averages 0.7 milli- 
meter in size. Rusty-brown biotite with strong pleochroism forms about 1 per cent 
of the flows. With few exceptions it is associated with iron-rich flow layers, where 
corrosion and alteration to iron oxide commonly divide it into fragments. Magne- 
tite, apatite, zircon, and sphene are accessory minerals, and calcite and stilbite are 
alteration products; some veinlets of magnetite appear to represent a second 
generation. 

Anpesites: The andesites are porphyritic and light- to dark-gray and olive-gray. 
Feldspar phenocrysts occur as laths and tablets up to 4 millimeters, the largest 
observed in any of the volcanic rocks. Laths in the matrix are slightly felted to 
vaguely parallel and average 0.1 millimeter in length. 
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Plagioclase grades from Anz to Anss, with calcic oligoclase most common. Plagio- 
clase forms as much as 98 per cent of some of the andesites. Albite and some 
Carlsbad twins are present, though many grains are not visibly twinned, and the 
zoning is generally poor. Several grains of orthoclase were in one thin-section. 
Quartz, where present, is interstitial and very fine. One specimen had barely enough 
quartz in the fine groundmass to make it a dacite. Augite is clear to light green, 
euhedral, locally twinned, and closely associated with magnetite. Augite is absent 
to less than 1 per cent of the andesites. Iron-rich brown biotite, averaging less than 
1 millimeter in size, forms up to 1 per cent of the flows. It locally grades into a 
green pleochroic mica and alters to chlorite. Magnetite, forming up to 2 per cent 
of the rock, has replaced some biotite laths completely and part of the sphene. 
Ilmenite, along with the sphene, is altering to leucoxene. Apatite is present. 

BasaLt: The only basalt flow discovered in the Square Peak volcanic series is not 
an ordinary basalt—rather it is nearer the effusive equivalent of anorthosite. The 
basalt is a dense dark rock, with a few very small feldspar phenocrysts and a good 
conchoidal fracture. The plagioclase phenocrysts in the felted groundmass average 
0.5 millimeter in length and form less than 1 per cent of the rock. 

Plagioclase forms 94 per cent of the rock. The phenocrysts are zoned, with poor 
albite twinning and some Carlsbad twinning. The centers are Anz, the borders 
Ans. The average composition is labradorite (Ans). A few small grains of brown 
basaltic hornblende, with coronas of magnetite, are present; one is resorbed. Clear 
augite, in euhedrons and subhedrons averaging 0.3 millimeter, forms less than 1 per 
cent of the specimen. Magnetite, in large euhedral grains to fine scattered specks, 
forms 5 per cent of the basalt. 

Turrs: The tuffs range from light buff, with an occasional peppered appearance, 
to pinkish and dark purple gray. Some beds are equigranular; in hand specimen, 
grains range upwards to an average size of 1 millimeter in some crystal tuffs. The 
aphanitic tuffs have a conchoidal fracture. Coarser varieties of tuffs may have a 
few fragments of earlier lavas in them. Bedding may be absent, or it may be shown 
as a distinct color banding or textural change. The tuffs range from crystal to 
welded tuffs; in composition, they grade from rhyolitic to trachytic and quartz 
latitic. 

THICKNESS 

Individual flows range in thickness from a few feet to an observed maxi- 
mum of about 200 feet. The aggregate thickness of the voleanic rocks is 
approximately 3500 feet, in which the percentage of rhyolites appears to 


exceed that of all other classes of lava. 

AGE 
In the northern Quitman Mountains the exact age of the volcanic rocks 
cannot be determined. The flows overlie folded and eroded Cretaceous 
sedimentary rocks. In the surrounding areas rocks of Eagle Ford age 
are involved in the folding. Therefore, a post-Eagle Ford age is indicated 
for the lower time limit. Inasmuch as at least part of the fill surrounding 
the Quitman Mountains in the Hueco Basin is considered late Tertiary 
probably Pliocene, the voleanic rocks are probably pre-Pliocene. Fossil 
evidence is lacking, but would most likely be found in the tuffs, which, 
however, appear to be sterile. 
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The best, but still insufficient, evidence comes from two near-by locali- 
ties in the Barilla and northern Davis Mountains (Fig. 1). In the Barilla 
locality (Fig. 1), Baker found fossil leaves in the basal rhyolitic tuffs, 
which unconformably overlie the upper Cretaceous Taylor beds. These 
plants were considered to be more likely of Wilcox age (lower Eocene) by 
E. W. Berry (Baker, 1934, p. 151). In the Davis Mountains (Fig. 1), a 
tooth of Hyracodon, a rhinoceros of lower or middle Oligocene age, was 
found in the tuffs within 200 feet of the base of the volcanic series (Baker, 
1934, p. 151). These lower voleanic beds consist of rhyolite and are fol- 
lowed by trachytes, a sequence also found in the northern Quitman Moun- 
tains. Land snails of the genus Helix have been collected by Nelson from 
tuff beds 20 miles southwest of Alpine in the Davis Mountains and identi- 
fied by Henderson, who compared them to similar fossils from either the 
Puerco or Torrejon formations (Paleocene) in New Mexico (Plummer, 
1932, p. 805). Tortoise shells of supposedly late Tertiary age have been 
collected in the Eagle Mountains (Fig. 1) southeast of the northern Quit- 
man Mountains (Plummer, 1932, p. 804), but the writer doubts the 
reliability of this evidence in dating the flows. 

This circuitous and not altogether satisfactory line of reasoning leads 
the writer to believe that the voleanic rocks of the northern Quitman 
Mountains are early Tertiary, probably Eocene and Oligocene. 


VOLCANIC VENTS 


Probable voleanie vents (shown on Plate 1 as Tsp, the symbol used for 
the Square Peak volcanic series) are found only at two places. The larger 
vent crosscuts the sedimentary rocks just north of Fox Canyon (PI.1). In 
outline, this vent is irregular, although rudely circular, and has a diameter 
of approximately 300 feet. A yellow porphyry with brown stains oc- 
cupies the central portion, and a breccia containing sedimentary pheno- 
clasts projects outward into the surrounding limestones. Erosion has 
probably removed several hundred feet of the upper part of the vent. 
Dissection by two gullies exposes the vertical contact of the vent with the 
sedimentary rocks for 10 feet. 

Another probable vent, not very well developed, is found near the 
quartz monzonite and Bluff limestone contact just south of King Canyon. 
At this point the vent is probably not over 50 feet wide and cuts sedi- 
mentary beds dipping about 30° W. The vent served as a feeder to 
several sills and seems to have been the locus of explosions that shattered 
the country rock to form several sill-like layers of breccia. This small 
area has been intensely silicified and metamorphosed, probably by fluid 
emanations from the adjoining Quitman pluton. The area is cut off on 
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the west by the quartz monzonite, which has a nearly vertical contact with 
the sedimentary rocks. 
SOURCE OF LAVAS 

The lavas in the northern Quitman Mountains were mostly derived from 
vents within the area now covered by voleanic rocks. Flows probably as- 
eended through vents or fissures now covered by the lavas. If the vol- 
canic vent near Fox Canyon cropped out in any of various small voleanie 
complexes within the main body of lavas, where irregular patches of 
altered breccia and lavas are mixed, it would certainly remain undis- 
covered. Thus, obscure vents might not be recognized. 

Field studies do not indicate any source for the Square Peak voleanic 
series outside of the Quitman area. The nearest flows in the Eagle Moun- 
tains to the southeast lie about 20 miles away. 


INTRUSIVE ROCKS 
DIORITE 


GENERAL CONSIDERATIONS: The oldest intrusive rock in the northern 
| Quitman Mountains is a fine-grained diorite, almost completely destroyed 

by intrusion of the quartz monzonite. It is found on the western side of 
the mountains at three localities, entirely surrounded by the Quitman 
quartz monzonite. The largest diorite outcrop, the only one large enough 
to show on the map (PI. 1), is found less than 14 mile southeast of 
Cathedral Peak, in the entrance to Big Guleh. It is about 200 by 100 feet 
in outcrop and is cut by stringers and small dikes of the quartz mon- 
zonite. The second outerop is found in a low north-south pass across the 
portion of the Quitman pluton due west of Quitman Peak and north of 
the western exit of King Canyon, whereas the third lies on the western 
side of the pluton, about 1% mile south of King Canyon. 

Locally, the diorite occurs in the quartz monzonite as numerous inclu- 
sions, some of which show considerable resorption. The inclusions aver- 
age about 2 inches in diameter, and where they are abundant the weathered 
surface of the rock looks much like a conglomerate. The prevalence of 
these inclusions in the western and northern portions of the quartz mon- 
zonite probably indicates that the diorite was at one time more extensive. 

PerrocrarHy: Megascopically the diorite is holoerystalline, equigranular, fine- 
grained, and dark. Light-colored grains are most prominent in coarser varieties. 
The grains average 0.4 millimeter and are slightly felted. 

Plagioclase constitutes 70 to 75 per cent of the rock. Albite twinning is generally 
poor; all grains show some zoning, grading from Anw in the cores to Ans on the 
borders. The average for the rock is about Anss. Green augite is 20 to 25 per cent 
of the rock. Several anhedrons between the plagioclase laths have biotite rims. The 


augite is altering to green uralite, which in turn is altering to green chlorite. Irregular 
grains of biotite, slightly chloritized, forms 2 to 3 per cent of the rock. Magnetite 
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forms 2 per cent of the rock, and interstitial quartz forms 1 per cent of one specimen, 
Zircon is present. Numerous tiny laths of apatite are 0.1 millimeter long. 

Plagioclase in the inclusions is just slightly more sodic than that in the three 
diorite outcrops. Augite is just half as abundant, and biotite and magnetite are 
2 to 3 times as abundant in the xenoliths as in the larger diorite bodies. This seems 
to be the result of reworking or reaction with the quartz monzonitic magma. 


QUARTZ DIORITE 


Only one body of quartz diorite was large enough to map. It is about 
800 by 250 feet and crops out just west of Mercy Pass in the southern 
part of the northern Quitman area (P].1). Several scattered small bodies 
on the west side of the mountains are almost obliterated by abundant 
stringers of the later Quitman quartz monzonite, of which the quartz 
diorite is actually the earliest intrusive phase. Inclusions of lava are 
found in the quartz diorite, which is itself commonly found as inclusions 
in the quartz monzonite. The quartz diorite grades toward a monzonite. 

The quartz diorite is porphyritic and mottled gray and white; phenocrysts of feld- 
spar average 2 millimeters but exceed 1 centimeter in length. Oligoclase forms 85 
per cent of the rock. The phenocrysts are Anss—grains in the matrix are more sodic. 
The rock consists of 5 per cent quartz, 3 per cent biotite, 1 per cent augite, and 3 
per cent magnetite. Apatite is present. 


QUITMAN QUARTZ MONZONITE 


GENERAL STATEMENT: Baker (1927, p. 36) considered the major intru- 
sive of the northern Quitman Mountains to be the largest pluton in trans- 
Pecos Texas. He did not know, however, that voleanic rocks, and not the 
pluton, uphold the central portion of the mountains. 

Frevp Rextations: The Quitman pluton generally cuts abruptly across 
the folded sedimentary rocks, though locally it may parallel their strike. 
The pluton is roughly a discontinuous elliptical ring, 9 by 4.5 miles, with 
the greater axis running north-south. The northern and southern ends 
of the pluton enlarge into two bodies, one 3.5 by 3.5 miles, the other 2 
by 1 miles. The eastern portion of the Quitman pluton is exposed in north- 
south elongate hills rising out of the alluvium. 

In the northwestern part of the area, the pluton cuts across sedimentary 
rocks, of Permian to lower Cretaceous age. The northern and eastern 
_ sides of the pluton are mostly buried by alluvium, but on the east, where 
the pluton holds up small elongate hills, voleanic rocks beneath the fill are 
probably intruded. At the south, the pluton cuts squarely across the 
Yucea and Bluff formations and also truncates the central volcanic rocks. 
A long, narrow belt of limestones lies on the western side of the mountains 
between the lavas and the western part of the pluton. 

Assimilation of lavas by the quartz monzonite, along their contact, 
has commonly resulted in a hybrid rock. Belts of aplite and’ granite 
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porphyry are also commonly localized along the contacts. The pluton 
is characteristically covered on the slope by immense boulders of disinte- 
gration, particularly where the quartz monzonite is not fine-grained. 

PeTROGRAPHY: The Quitman pluton consists of granite, syenite, grano- 
diorite, quartz monzonite, and monzonite. The rocks range from gray to 
pink and are locally green to yellowish-brown. Textures range from por- 
phyritic to fine- and coarse-grained granitic. Biotite is locally very con- 
spicuous. 


The principal rock, shown on Plate 1 as Quitman quartz monzonite (Pl. 1), 
although chiefly quartz monzonite, includes some granodiorite, monzonite, syenite, 
and granite; it is holocrystalline, medium- and coarse-grained to porphyritic, and 
generally gray or pink. Feldspar phenocrysts average 3.5 millimeters, but exceed 12 
millimeters. Brown to greenish mica is commonly conspicuous. Orthoclase is 
white to pink, has oligoclase intergrown in some borders to form perthite, and con- 
stitutes 10 to 63 per cent of the rock. Oligoclase, averaging Anz, is both twinned 
and zoned and forms 20 to 75 per cent of the rock. Phenocrysts of oligoclase are 
commonly composed of several grains. Quartz is 6 to 15 per cent of the total rock, 
is nearly all interstitial, and locally occurs with orthoclase in graphic intergrowth. 
One to 6 per cent of the rock is brown to bright-green biotite, usually with shredded 
borders and rimming magnetite grains. Primary green hornblende and microperthite 
are locally present. Light-green augite, altering to uralite, forms up to 4 per cent 
of the rock. Magnetite, apatite, zircon, allanite, sphene, and pyrite are accessories. 
One specimen had 4 per cent magnetite, but part of it was in veinlets and appeared 
to be either deuteric or secondary. Most specimens are quartz monzonite; some 
are granodiorite. 

The monzonites, which form about 10 per cent of the Quitman pluton, differ from 
the granodiorites and quartz monzonites only in the percentage of quartz. In one 
specimen, however, the cores of the oligoclase grains ranged up to Ang. Hornblende, 
generally pleochroic in shades of green, occasionally in shades of brown, constitutes 
19 per cent of the monzonites. 

Granites form less than 10 per cent of the pluton and crop out chiefly in the 
southern and western parts. The granites are gray to pinkish, medium- to coarse- 
grained, and equigranular to subporphyritic. Dark minerals are noticeably absent. 
Orthoclase is 65 per cent of the rock. The big phenocrysts are composed of several 
grains, which locally are optically positive. Some are faintly perthitic. Quartz 
forms 33 per cent of the granite. Oligoclase, biotite, magnetite, zircon, and apatite 
are present. 

Syenites are found chiefly in the southern and southwestern parts of the pluton, 
of which they form about 10 per cent. A greasy luster characterizes the syenites, 
which are granitic to porphyritic, holocrystalline, and pinkish gray to yellowish 
brown, though locally greenish. The grains average 1 to 2 millimeters in diameter. 
Irregular orthoclase grains, commonly in Carlsbad twins, form about 91 per cent 
of the rock. In one thin section, y was slightly less than 1.539. 2V was about 50°. 
Abundant soda or possibly 3 to 4 per cent of barium seems to have increased the 
index. Phenocrysts of oligoclase (Anx) form 2 per cent of the rock. Aegirine- 
augite, pale- to bright-green and pleochroic, forms 3 per cent of the green syenite. 
The optics are: (+), 2V = 78°, r > v medium, almost parallel extinction (1° to 2° 
off). Purer augite is in the core, and the aegirine content increases outward. Several 


len, 
ree 
j 
les 
nt 
rtz 
are 
ns 
te. 
85 
lic. 
13 
u- 
he 
ce, 
th 
ds 
2 
h- 
ry 
re 
re 
: 
18 
te 


1036 R. M. HUFFINGTON—GEOLOGY OF NORTHERN QUITMAN MOUNTAINS 


grains of pure augite and several good grains of allanite are present. Zircon, apatite, 
and magnetite are accessory minerals. 


SEQUENCE OF INTRUSION: Textural and compositional differences and 
some contacts within the body mapped as Quitman quartz monzonite sug- 
gest a composite pluton. However, the chief differences are local, and, 
although there are some different intrusive phases, most of the pluton 
formed at about the same time. The average composition is a quartz 
monzonite. Quartz-rich granites appear to have been the last phase of the 
intrusion; the granite porphyries mentioned under the minor intrusives 
are a slightly delayed expression of this last phase. 

Autoinjection is locally common near some chilled contacts, particu- 
larly where the contact phases are porphyritic and outwardly resemble the 
early quartz diorite. 

AcE: The Quitman pluton cannot be dated exactly. The youngest sedi- 
mentary rocks invaded are upper Washita in age. However, inasmuch 
as the pluton also cuts the volcanic rocks, which are presumably Eocene 
and Oligocene, and is overlain by basin fill at least partly Pliocene, it is 
unlikely that the pluton is later than Miocene. Moreover, as the pluton 
is comagmatie with the volcanic rocks, it is probably Oligocene. 

Coenate XENOLITHS: Inclusions of the earlier fine-grained diorite, 
averaging 2 inches in diameter, are rather common in most parts of the 
Quitman pluton, particularly the northern and western portions. Por- 
phyritie gray quartz diorite inclusions, ranging up to 18 inches are less 
common. Inclusions of limestone were found, but they are rare away 
from the contacts. The few small ones away from the contacts are meta- 
morphosed to a fine-textured green rock. Lava inclusions are rather 
numerous in some localities, chiefly near the contacts. Reaction rims on 
the lavas range up to 6 inches across and look much like a granitic rock. 


MINOR INTRUSIVES 


Minor intrusives may be divided into two groups, those probably 
formed at the time of extrusion of the Square Peak volcanic series and 
those formed after the intrusion of the Quitman quartz monzonite. 

Intrusive breccias on the west side of the mountains about 1 mile south 
of King Canyon were formed before the Quitman quartz monzonite was 
intruded. One small dikelike body dips steeply west and attains a width 
of 40 feet. It is essentially parallel to the bedding of the sedimentary 
rocks west of it, but truncates those east of it. The dike contains pheno- 
clasts, mostly of limestone, though some are igneous. It appears, at least 
locally, to have come up along a fault and may have been formed by the 
intrusion of a fault breccia. The breccia dike strikes west of north 
and is progressively truncated by the dikelike portion of the Quitman 
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pluton. A similar breccia is found in the same area on the eastern side of 
the long, narrow belt of Bluff limestones. It is probably a sill, as it seems 
concordant to the limestone beds; locally, the breccia is found under the 
Orbitolina texana zone in the Bluff limestones. Scant sulphides have been 
introduced in this sill-like breccia and the surrounding sedimentary rocks. 

In the southern half of the area covered by volcanic rocks, a buff- 
colored tuff dike crops out for 2000 to 3000 feet. The dike strikes east, is 
almost vertical, and locally is 30 feet wide; it was formed during the 
period of voleanic activity. 

Minor intrusives younger than the Quitman quartz monzonite consist 
of aplite, granite porphyry, rhyolite porphyry, quartz latite porphyry, and 
a peculiar rock approximating andesite porphyry. In the andesite por- 
phyry, which is somewhat porphyritic, broad plagioclase laths in the 
matrix have a slightly trachytic texture and average less than 0.1 milli- 
meter in length. Plagioclase is in poorly zoned crystals with some albite 
twinning; it forms 95 per cent of the rock and averages about Anz. 
Shredded greenish-brown to brown biotite forms 1 per cent and is generally 
altered to magnetite. Magnetite is about 4 per cent of the rock and oc- 
curs both as tiny specks and large grains. Apatite is present. 


SUMMARY OF PETROGRAPHIC CHARACTERISTICS OF 
NORTHERN QUITMAN MOUNTAINS 


Sixty-two thin sections, from which the following generalities were 
derived, were examined. Igneous rocks, both extrusive and intrusive, are 
almost completely gradational in composition between end members, with 
the exception of the basalt and diorite. The igneous rocks are usually so 
near the field boundary between quartz monzonite, monzonite, syenite, 
and granite that a difference of only a few per cent in quartz, orthoclase, 
or plagioclase would generally transfer any individual specimen to an 
adjoining rock group. For this reason, chemical analyses might put the 
lavas into different, though neighboring, rock groups, because the composi- 
tion of the matrix is commonly impossible to determine even under the 
microscope. 

Paucity of quartz in all the igneous rocks 1s most striking; it is rarely visible in 
either the lavas or the intrusives. Excluding a few of the late differentiates, quartz 
probably forms no more than 5 to 7 per cent of the average igneous rock in the 
northern Quitman Mountains. Orthoclase locally contains either abundant soda or 
possibly a few per cent of barium; sanidine may be present. Perthitic borders, in 
which the perthite lamellae are calcie oligoclase, are not uncemmon on the ortho- 
clase grains. Plagioclase averages calcic oligoclase. Magnetite is abundant and a 
few specimens contain as much as 7 per cent magnetite, though the average is nearer 
1 per cent. Magnetite undoubtedly is partly hydrothermal. Pale-green augite is 
present in most of the rocks. Locally. it is extremely abundant; where abundant, 
about 1 per cent of either green or brown hornblende may also appear. Aegirine- 
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augite is extremely local and limited. Iron-rich biotite seldom forms more than a 
few per cent of the rocks. Zircon, allanite, sphene, and apatite are generally present, 


Low quartz content and the presence of some barium- or soda-bearing 
orthoclase, aegirine-augite, and local minerals such as analcime, as well 
as the almost complete lack of common hornblende, show that these 
rocks are mildly alkalic. As chemical analyses have not been made, the 
rocks cannot readily be put into any of the chemical classifications of rock 
series, as, for example, that proposed by Niggli (1923, p. 96). Peacock 
(1931, Table I), however, in his fourfold system of chemical classification 
of rock series, based on the alkali-lime index, has included a chart of min- 
erals characteristic of these four series. Though the igneous rocks of the 
northern Quitman Mountains cannot accurately be placed in Peacock’s 
system, the characteristic mineral chart indicates a position somewhere 
near the boundary of the two intermediate series, alkali-calcic and cale- 
alkali, probably on the cale-alkali side. 


STRUCTURE OF IGNEOUS ROCKS 
SQUARE PEAK VOLCANIC SERIES 


The voleanic rocks form a syncline, the long axis of which strikes north 
and lies approximately 34 mile west of Hector Knob (Pl. 1). The western 
limb of the basin dips much more steeply than the eastern limb (PI. 1, See. 
C-C’). Inward dips of the voleanic rocks are as great as 90° and are 
locally overturned. Some extreme readings of dips, taken generally 
from contacts between different flows or flows and sedimentary rocks, but 
locally from flow structures, give the following dips around the peripheral 
parts of the voleanic area: in the isolated exposure 1000 feet west of the 
outcrop on northwestern Bug Hill, flows dip 69° WSW.; south of Big 
Gulch, the contact of the voleanic and sedimentary rocks dips 80° 8S. to 
vertical; at the same lccality, the contact, where exposed in a mine shaft, 
60 feet deep, dips 70° S.; west of Square Peak, the contact of the volcanic 
and sedimentary rocks is vertical to overturned; and about 1 mile east- 
northeast of Red Chief Peak, some flows near the contact of the volcanic 
rocks and the Quitman quartz monzonite dip as high as 85° NW. These 
extreme dips are found only around the edges of the volcanic rocks. 
Average eastward dips of the western limb of the basin are probably about 
40°, whereas average westward dips of the eastern limb are probably 
about 20° or slightly less (Pl. 1). 

Several subsidiary folds are superimposed upon the main syncline. A 
smaller basin, about 1% mile across, is located aproximately 1 mile west- 
northwest of Red Chief Peak (Pl. 1). The origin of this subsidiary basin 
is not known, but it might be due to collapse over an earlier volcanic 
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orifice. Volcanic rocks east of Hector Knob are deformed into possibly two 
or three gentle folds (Pl. 1, Sec. C-C’). Centripetal dips of flows in the 
rest of the area of volcanic rocks are remarkably undisturbed by minor 


structural features. 
QUITMAN PLUTON 


Outcrop pattern and relation to volcanic rocks —The Quitman quartz 
monzonite forms a discontinuous ellipse, elongated north-south, around 
the voleanic rocks. The eastern and western parts of the pluton are rela- 
tively narrow belts of igneous rock, which are continuous with, and en- 
large into, two larger bodies at the northern and southern ends. 

Undoubtedly the pluton is continuous around the whole extent of the 
ellipse, except for part of the eastern side. One fact, however, favors the 
presence of the pluton under some of the basin fill and volcanic rocks on 
the eastern side. In two of the small hills just west of the northwestern 
part of Bug Hill, lavas are much altered and partly silicified. Probably 
the eastern part of the pluton is continuous under these hills and was the 
source of solutions which altered the volcanic rocks. The small patch 
of lavas resting on the Bluff formation on the northwestern part of Bug 
Hill are the only flows outside the quartz monzonite ring. 


Attitude of contacts——Fortunately, the attitude of the contact of the 
quartz monzonite with adjoining rocks was seen in several places, either 
on hillsides or in small vertical exposures in mines and prospects. 

At Gyp mine, slightly less than 14 mile east-southeast of Third Hill 
(Pl. 1), a vertical face about 40 feet high strikes north. The quartz 
monzonite, exposed 4 feet east of the top of the cliff, does not appear along 
the face. Therefore, the contact is either vertical or dips east. Other 
observations in the area make the first assumption more likely. Locally, 
south of Zimpleman Pass, where the contact of the quartz monzonite and 
lavas is not covered with too much detrital material, it seems to dip about 
vertically. The attitude of the contact of the quartz monzonite and sedi- 
mentary rocks along the northern side of Big Gulch differs extremely in 
local outcrops, though the average dip is about vertical; in one 15-foot 
bluff, about 3g mile due northwest of Cathedral Peak, the contact dips 
39° NW. Due west of Hector Knob the eastern contact of the dikelike 
portion of the quartz monzonite with the Bluff formation dips about 77° 
W. in exposures on a steeply dipping hillside. Due west-southwest of 
Square Peak, the eastern contact of the quartz monzonite and sedimentary 
rocks dips 65° W.; southwest of Square Peak, the same contact dips 55° 
SW. West of the voleanic vent exposed in Fox Canyon, the quartz mon- 
zonite and sedimentary rock contact is about vertical. It is also about 
vertical where the quartz monzonite cuts across the southernmost tip of 
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the sedimentary rocks, just south of Fox Canyon. North of the body of 
quar.z diorite near Mercy Pass, the quartz monzonite and voleanic rock 
contact is vertical in a small face, 30 feet iong and 2 feet high. On the 
south side of Mercy Pass and in the section exposed on the steep eastern 
valley wall, which has a relief of about 150 feet, the southern contact 
of the quartz monzonite with the sedimentary rocks dips about 62° §. 

In summary the contact of the quartz monzonite and sedimentary rocks 
tends to dip vertical or outward, though locally, in areas of complex 
intrusion, the contact may even dip gently toward the center of the pluton. 
The dips measured on the western and southwestern sides of the Quitman 
pluton, where valleys cut across it, are most significant. Sloping valley 
walls locally have a relief of at least 200 or 300 feet. Thus, local irregu- 
larities cannot conceal the true dips; there is no doubt that the dips are 
outward at these localities. 


Ring-dike theory—The theory of ring-dike intrusion was first de- 
veloped by Clough et al (1909) in their paper on the Glen Coe district of 
Scotland, but not until the classic memoir on Mull (Bailey et al., 1924) 
was the ring-dike concept elaborately developed. A ring-dike is defined 
on page 306 in the Mull memoir as: “. . . a dyke of arcuate outcrop, 
where there is good reason to believe that its arcuate form is significant 
rather than accidental. Only in rare instances are ring-dykes so com- 
pletely developed as to show an entire ring-outcrop.” Similar intrusive 
bodies in other parts of the British Isles are discussed by Richey (1928a; 
1928b), Richey and Thomas (1930; 1932), and Tyrrell (1928) ; probably 
the most excellent and complete summary of these structures is given 
by Richey (1932). 

Recent work in this country has led to the discovery of several ring- 
dike centers in New Hampshire (Billings, 1928; Kingsley, 1931; Chapman, 
1935; Chapman and Chapman, 1940; Modell, 1936; Williams and Billings, 
1938). Billings (in press) has recently summarized the data throughout 
the world. 

In the dynamical theory of ring-dikes and cone-sheets, as advanced by 
Anderson (Bailey et al., 1924, p. 11), a parabolic magma reservoir is pos- 
tulated at a depth of several miles. If magmatic pressure were increased, 
conical fractures would form in the rocks above the magma chamber. 
These fractures converge toward the center of the chamber; intrusion 
along them forms cone-sheets. Conversely, if magmatic pressure sub- 
sides within the chamber, the fractures which develop tend to dip outward. 
If the central block subsides, a potential cavity is left between it and the 
stationary walls. Magma rising from the underlying reservoir fills the 
potential cavity as rapidly as it develops. This intrusion is a ring-dike. 
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Richey and Thomas (1930, p. 59) mention several noteworthy char- 
acteristics of ring-dikes in the British Isles: (1) The average ring-dike 
diameter is about 5 miles; (2) ring-dikes are seldom truly circular; (3) 
when the center of ring-dike intrusion moves, it moves in the direction of 
the long axis. Richey (1932, p. 125) also points out that (4) in the British 
Isles, with one exception, the shifting magma reservoirs are located about 
on a north-south line; and (5) the average depth of the top of the under- 
lying inferred magma reservoir is about 3 miles from the present surface 
(Richey, 1932, p. 129). Inasmuch as a minimum of about 1 mile of over- 
burden has been eroded since the time of intrusion during the Tertiary 
(Richey, 1932, p. 129), the original depth was about 4 miles. 

The Quitman pluton possesses either these characteristic features of 
ring-dikes, or else possesses similar ones. Therefore, the intrusion of 
the Quitman pluton was probably governed by conditions similar to those 
under which the Scottish and New England ring-dikes were intruded. 
The Quitman pluton is analogous, if not essentially the same, as the dikes 
in these localities. The Quitman pluton differs in that cauldron sub- 
sidence does not account for most of the space occupied by the ring-dike; 
rather, stoping along the ring-fracture, or fracture zone, was more im- 
portant. 


Method of intrusion—A magma chamber had worked its way upward 
to within a few miles of the surface of the earth. The rock overburden 
may, or may not, have been slightly domed at this stage. During an en- 
suing period of magmatic quiescence, assuming the upward migration of 
magma to be pulsatory, the magma may even have tended to recede; 
the overlying rocks sagged down into the magma chamber. Basining of 
the lavas is due to a subsidence of approximately 3000 feet in the center 
of the voleanic rocks (Pl. 1, Sec. C-C’). Concomitant with central sub- 
sidence of the voleanic rocks, an elliptical fracture, or fracture zone, 
which the writer believes controlled the emplacement of the Quitman 
pluton, developed. After the period of magmatic dormancy, during which 
the voleanie rocks subsided and the initial ring system of fractures was 
developed, magmatic pressure increased once again. The main body of 
Quitman quartz monzonite was intruded around the ring-fracture, along 
which previously some diorite and then quartz diorite had been intruded. 
Moreover, the inner block may have subsided slightly. 

Truncation of the beds of sedimentsry rock by the Quitman quartz 
monzonite is due primarily to the ring-fracture system, which controlled 
the emplacement. Truncation of the sedimentary beds is noteworthy in 
several places around the pluton, but particularly just north of Quitman 
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Gap, where the quartz monzonite cuts squarely across beds of the Yucca’ 


and Bluff formations (Pl. 1). 

Piecemeal stoping was very important in the emplacement of the Quit- 
man pluton. Best proofs of stoping are: (1) extreme irregularity of the 
intrusive contacts and (2) the amount of subsidence of the rocks just 
within the quartz monzonite ring is inadequate to provide for the space 
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Ficure 6.—Genesis of Quitman pluton 
Diagramatic north-south cross sections. Prelava topography, effects of contemporaneous erosion, 
and volcanic vents omitted. (Tsp) Square Peak volcanic series; (Mk) sedimentary rocks (inostly 
Cretaceous; some Jurassic and Permian); (Tqm) quartz monzonite magma. A. After or near end of 
period of volcanic activity. B. Formation of ring-fracture upon decrease of magmatic pressure, and 
subsidence of central area of volcanic rocks within the fracture. Renewal of magmatic pressure and 
incipient pl t of Quitman quartz monzonite around ring-fracture by piecemeal stoping. C. 
Continued piecemeal stoping results in complete emplacement of the Quitman quartz monzonite. Wide- 
spread stoping in the north forms an accessory stock. D. Present. 


now occupied by the pluton. Although a subsidence of approximately 
3000 feet is indicated for the central part of the area of volcanic rocks, 
little proof of subsidence of the sedimentary rocks just within the quartz 
monzonite ring can be obtained. On the western side of the pluton, 
however, some subsidence may have occurred. South of King Canyon 
beds of varicolored sandstone and arenaceous limestone, belonging to the 
base of the Bluff formation, occur outside the main ring of Quitman quartz 
monzonite. Inside the quartz monzonite belt are beds of limestone that 
occur higher up in the Bluff formation. With an allowance made for 
difference of topographic position, a maximum subsidence of roughly 300 
feet might be possible for the rocks within the ring-dike. At one locality 
the relations suggest that part of the apparent subsidence of the inner 
block is due to a high-angle westward-dipping thrust fault along which 
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the quartz monzonite may have ascended (Fig. 4). Wherever the field 
relations can be clearly observed, no proof is available of a great deal 
of subsidence of the sedimentary rocks just inside the quartz monzonite 
ring. Williams and Billings (1938, p. 1041) also explained the em- 
placement of the ring-dikes in the Franconia quadrangle, New Hamp- 
shire, by stoping along a ring-fracture. 

The Quitman pluton may perhaps best be thought of as a ring-dike 
with an accessory stock at the northern end. The southern portion of 
the ring-dike has been enlarged by stoping. Apparently both the ring- 
dike and the northern accessory stock were emplaced at the same or 
about the same time; no contacts of intrusive phases were found that 
would indicate any appreciable time interval between the intrusion of 
these two parts of the pluton. Whether or not the underlying magma 
reservoir partially migrated northward at the time of intrusion of the 
stock cannot be decided. Inasmuch as sedimentary rocks in the valley 
between Bald and Pinnacle Peaks occur well within the outer, rather 
circular limit of the stock, cauldron subsidence would not explain the 
emplacement of the stock; instead, piecemeal stoping is considered to 
have been the chief method of intrusion. Intersecting fractures in the 
ring-fracture zone may have abetted the process. The writer believes 
that stoping continued in the area now occupied by the stock for some 
time after most of the ring-dike had been emplaced. 

Field evidence indicates no major role was played by high-level assimi- 
lation, granitization, or forceful intrusion. A generalized picture of the 
genesis of the Quitman pluton is shown in Figure 6. 


CONTACT METAMORPHIC ROCKS 


The sedimentary rocks have been metamorphosed at the contact of 
the Quitman quartz monzonite. Metamorphism is most intense on the 
northwestern side of the pluton and around Zimpleman Pass (PI. 1); 
in the latter area the rocks have been converted almost wholly to green 
andradite. The intensity of the metamorphism differs greatly, depending 
upon the composition of the rocks, their nearness to the pluton, and the 
number of channels through which the metamorphosing fluids emanating 
from the pluton could pass. In general, in the dark silicate zone a very 
discontinuous border of garnet occurs along the intrusive contact. Actin- 
olite and epidote are the most common of the other dark silicates; 
vesuvianite, plagioclase, and jasper are mixed with them. 

Outside the dark silicate zone lies the light silicate zone, containing 
several dense white sedimentary beds, now pure wollastonite. Scapolite 
and tremolite are well developed in other beds and commonly stand in 
relief on the weathered surfaces. Marmorized or partially marmorized 
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limestones extend beyond the light silicate zone for considerable distances 
from the pluton. Within the contact metamorphic aureole, shaly layers 
are generally turned into hornfels, which stand out prominently on 
weathered surfaces. 

Sulphides and other ore minerals replace the sedimentary rocks and 
form fissure veins, both in the country rocks and the quartz monzonite, 
Galena, sphalerite, pyrite, and limited chalcopyrite and wulfenite are 
accompanied by siderite, limonite, hematite, psilomelane, pyromorphite, 
hemimorphite, barthite, barite, malachite, azurite, crysocolla, pseudo- 
wavellite, amesite, and various clay minerals. Nickel, uranium, and 
tungsten (scheelite) minerals, as well as silver and gold are also present in 
small quantities. 

Minerals added in greatest amounts to the country rocks are the 
various forms of silica and iron oxide; most of the silicates have been 
introduced. 

Around the probable voleanic vent on the western side of the moun- 
tains, shown on Plate 1 as a patch of Tsp just south of King Canyon, 
the sedimentary rocks have been rather strongly metamorphosed by 
solutions from the Quitman quartz monzonite, probably using the vent 
as a means of access. Some beds have been turned into extremely fine- 
grained green and white banded quartzites, in some of which sericite is 
abundant. Dense breccias are mottled by deep blue-green pumpellyite 
(?), which colors the matrix green. Epidote, chlorite, and seapolite are 
also present. 

Metamorphism of the voleanic rocks is restricted to the periphery of 
the present area of outcrops. Along almost the entire contact of the 
voleaniec and sedimentary rocks, large amounts of silica have been 
introduced. No new minerals have been formed, but silicification has 
turned some of the volcanic rocks into aplitelike rocks. Introduced iron 
oxide is also locally abundant along this silicified unconformity. 


GEOLOGIC HISTORY 


The recorded geologic history of this area begins in Permian (Leonard) 
time, when limestones of the Briggs formation were deposited in lagoonal 
waters bordering an open sea to the north (Albritton, 1938, p. 1803). 
Probably during late Permian time, the area was warped and subjected 
to subaerial erosion, which continued through the Triassic and most 
of the Jurassic. During the Kimmeridgian and Portlandian stages of 
the Upper Jurassic, the sea covering the Mexican geosyncline invaded 
the Malone area and adjacent parts of the northern Quitman Mountains. 
Sediments of the Malone formation were deposited in the shallow 
coastal waters. 
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Slight uplift of the land at the beginning of Cretaceous time may 
be recorded by the basal conglomerate and sandstone of the Torcer for- 
mation. Then, as the sea from the Mexican geosyncline resumed its 
northeasterly transgression over the land, the marginal and near-shore 
neritic sediments of the rest of the Torcer formation were deposited in 
the Malone area, followed by sediments of the more widespread Yucca, 
Bluff, Cox, Finlay, and Kiamichi formations. Various bays appear 
to have existed along the shore line during this transgression; Sierra 
Blanea bay existed during Yucca time (Smith, 1940, p. 643). 

Washita strata, composing the Espy formation, were laid down as the 
sea encroached still farther over the land. Toward the close of Espy 
time, slight local warping or uplift to the north and east of the northern 
Quitman Mountains, possibly a forerunner of the Laramide revolution, 
exposed portions of the former sea floor to erosion. In all probability, 
the shore line was irregular, and offshore islands may have existed. 
The Etholen formation was deposited in a shallow local basin somewhere 
near the shoreline. Eagle Ford strata were then laid down. The seas 
may have withdrawn after deposition of the Eagle Ford formation, for 
no later depositional evidence is found in this or the surrounding areas; 
by Taylor time withdrawal had certainly occurred (Baker, 1927, p. 58). 
Total thickness of sedimentary rocks in the northern Quitman Mountain 
area approximates 10,000 feet. 

Intense deformation of the rocks, probably during the Laramide revo- 
lution in late Cretaceous time, followed removal of the seas. The rocks 
were highly folded and subsequently thrust-faulted. Following rather 
extensive erosion, volcanic rocks were erupted from sources within the 
northern Quitman Mountains. Probably at the close of the voleanic 
epoch, the area of voleanic rocks in the center of the mountains subsided. 
During initial stages of subsidence, diorite was intruded into part of the 
ring-fracture. Shortly afterwards, quartz diorite was intruded, followed 
immediately by intrusion of the Quitman quartz monzonite into the 
ring-fracture. Emplacement by piecemeal stoping of the stocklike por- 
tion of the Quitman pluton, in the northern part of the mountains, took 
place at the same time or possibly a little later than the intrusion of the 
ring-dike; piecemeal stoping was also very important in the intrusion 
of the ring-dike. During the late stages of the intrusion, the country 
rock was metamorphosed, and both country rock and pluton were 
mineralized. A host of minor intrusives, sills and dikes, were intruded 
shortly after the Quitman pluton, cutting both it and the sedimentary 
rocks. Normal faulting, probably dominant after the main period of 
folding, may have extended through to the present time. 


] 
j 
rs 
n 
d : 
e, 
d 
n 
e 
n 
i 
l, 
t 
1 
as 


-1046 R. M. HUFFINGTON—GEOLOGY OF NORTHERN QUITMAN MOUNTAINS 


Extensive erosion during late Tertiary and Quaternary time un- 
roofed the Quitman pluton, widely dissected the volcanic and sedi- 
mentary rocks, and filled the surrounding basins with detritus. Recent 
erosion has resulted in the formation of pediments, dissection of basin 
fill, and superposition of streams. 
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